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EFFECT OF LEY GRASSES ON THE CARRY-OVER 
OF TAKE-ALL 


by VALERIE M. WEHRLE AND L. OGILVIE 


National Agricultural Advisory Service, Bristol 


Work in many parts of the world on the susceptibility of cultivated grasses to 
Ophiobolus graminis (Sacc.) Sacc. was summarized by Garrett (1941). Species of 
Agropyron, Bromus, Festuca, Hordeum, Lolium, and also Phleum pratense, have 
been found susceptible to attack, and, in this country, reference has frequently 
been made to the importance of Holcus spp., Agropyron repens, and Agrostis spp. 
as sources of infection of wheat in newly reclaimed soil, and in carrying over the 
disease in non-susceptible crops. In box experiments, Garrett (1941) confirmed 
the resistance of timothy (Phieum pratense), reported by a number of earlier 
investigators, and suggested the use of seeds mixtures containing this grass in 
place of ryegrasses (Lolium spp.) where heavy infection with Take-all had 
occurred. In a later paper, however, Buddin and Garrett (1944) reported, from 
their field surveys, that the Take-all fungus appeared to decline under a ryegrass- 
and-clover ley to a relatively low level, in contrast to its behaviour under a wheat 
or barley crop, or under certain susceptible weed grasses. 


Our own experience in the South-West led us to suspect that any differences 
there might be in the intrinsic susceptibility of ley grasses was not of much 
practical significance in affecting the carry-over. An analysis of several hundred 
cases of Take-all reported to us in the years 1946-51 showed that only about 8 per 
cent occurred in crops after a one-year ley break, and only about 4 per cent after 
a long ley or old pasture. We had also followed the cropping on several farms, 
taking samples of soil from under the various crops and growing test wheat 
seedlings in them. These tests showed a uniform decline of the infectivity to 
safe levels after two years under leys, irrespective of the seeds mixtures used. 
A field experiment was, however, conducted on heavily infected land over the 
period 1950-54 to test the effects on carry-over of the four commonly-used 
grasses : timothy, meadow fescue, perennial ryegrass and cocksfoot. 


FIELD TRIAL 1950-54 


A site was chosen on a part of Handley Common, Dorset, which had been 
heavily cropped with cereals during the war years, and on which wheat was 
severely affected with Take-all in 1948-49. The site was cropped with winter 
wheat again in 1949-50 to ensure that there was abundant inoculum at the 
beginning of the experiment. A random sampling of the wheat seedlings was 
made on January 1, 1950, and about 39 per cent of the seed roots were then 
found to be infected. 


The site was at about 350 feet above sea level, flat, and the soil was a medium 
loam, clay with flints overlying chalk. The experimental area was 244 yards long 
by 110 yards wide. In the spring of 1950 this was divided longitudinally into two 
blocks, each of four strips of equal width, which were sown with the four grasses 
(timothy, ryegrass, meadow fescue and cocksfoot), together with white clover in 
each case. Establishment over all the plots was satisfactory, and the whole area 
was grazed by sheep during 1950-51. Random samples of the grass roots from 
all the plots were taken on November 1, 1950, and examined for Take-all 
infection by hand lens after thorough washing. The mean percentages of 
infected roots were : timothy 55, ryegrass 75, meadow fescue 31 and cocksfoot 62. 
Counts of infection on grass roots are not very reliable, because of the great 
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number of the roots, their length and their colour, but the examination was 
sufficient to show that all four of the grasses became heavily infected at an early 
stage. The roots of wheat seedlings grown for test in sterilized soil containing 
portions of the roots from all four of the grasses became substantially infected, 
thus confirming that the mycelium on the grass roots was that of Ophiobolus 
graminis, and that it could infect wheat seedlings. 


The experimental area was then divided—across all the grass strips—into 
three equal blocks (C, B and A), which were first ploughed up and drilled to 
Bersée wheat in the autumns of 195I, 1952 and 1953 respectively, and were 
thereafter cropped with autumn-sown Bersée wheat until the end of the 
experiment. 


The effect of the four grasses in the leys of one, two and three years’ duration 
was assessed by sampling the wheat roots and counting the percentage diseased 
at the end of each season. Grab samples, each of a handful of stubble, were taken 
every ten paces along the diagonal of each plot. The samples were then brought 
back to the laboratory and, after thorough washing, each root was examined for 
infection. The method is an arduous one but it was used each year throughout 
the trial as it was considered to give a more accurate estimate of infection than 
methods involving the counting of whiteheads, the numbers of plants with 
diseased roots, or the numbers of plants in each of several arbitrary categories of 
infection. In the tables which follow, the mean percentages are given for the 
duplicate plots with each'grass in each trial. 


TABLE 1 
MEAN PERCENTAGE OF Roots INFECTED WITH TAKE-ALL, AND YIELDS, 1952 


& 
Wheat after : 
Leys 1950-51 


Roots 


Grasses with White Clover in Ley : Infected Yield 
per cent cwt. per acre 
Cocksfoot us ee oe oe a a ae 33-2 
Meadow fescue , , - sa : oo oe 33-7 
Ryegrass. . = te - iis Ne = ac ae 29-7 
Timothy d4 As a 1-4 35-6 


Yields were obtained by harvesting the central drills of each plot, excluding 
guard rows, with a combine harvester, and the yield figures given have been 
corrected to 15 per cent moisture content. 

TABLE 2 


MEAN PERCENTAGE OF Roots INFECTED WITH TAKE-ALL, AND YIELDS, 1953 


B Cc 

Wheat after : Wheat after : 

Leys 1950-51 Leys 1950-51 

Leys 1951-52 Wheat 1951-52 

Roots Roots 
Grasses with White Clover in Ley : Infected Yield Infected Yield 
percent cwt.peracre percent  cwt. per acre 

Cocksfoot 1-6 11-7 14:5 10-5 
Meadow fescue 2-1 11-7 12-3 10-4 
Ryegrass. . a Se 2:1 10-4 13-6 8-6 
Timothy Be : 1-9 11-8 13-9 10-4 


The results in 1952 (Table 1) indicated that the root infection of the wheat was 
at a low level, and that none of the grasses had carried over infection much more 
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markedly than the others, although there was somewhat less infection after 
timothy than after ryegrass, and this was reflected in the yields. 


In 1953, the wheat seedlings in all the plots of blocks B and C were sampled on 
April 8, and the mean percentages of the seminal wheat roots showing infection 
at that time were : 


Cocksfoot Meadow Fescue Ryegrass Timothy 
a ne 2°5 1-1 1-3 0-6 
ees ae 2:2 0-8 1-5 1-1 


These counts were all low, and they are of interest in view of the marked 
differences between blocks B and C at harvest (Table 2). By harvest the root 
infection in block C, in the second wheat crop, had already reached a dangerous 
level, while in block B, in the first wheat. crop, it was still satisfactory. In both 
blocks the infection after ryegrass was no worse than after the other grasses. 
The very low wheat yields in 1953 were due to poor take of the wheat in the 
autumn of 1952, and to bird damage, rather than to Take-all. 


TABLE 3 


MEAN PERCENTAGE‘OF ROOTS INFECTED WITH TAKE-ALL, AND YIELDS, 1954 


A B c 
Wheat after : Wheat after : Wheat after : 
Leys 1950-51 Leys 1950-51 Leys 1950-51 
Leys 1951-52 Leys 1951-52 Wheat 1951-52 
Leys 1952-53 Wheat 1952-53 Wheat 1952-53 
Grasses with White Roots Roots Roots 
Clover in Ley: Infected Yield Infected Yield Infected Yield 
per cent cwt. peracre percent cwt. per acre per cent cwt. per acre 
Cocksfoot ma ~ 0-8 14-5 16-9 9-2 60-0 4-7 
Meadow fescue : 1-3 14-2 18-3 8-1 51-0 4-4 
Ryegrass S. a 2-4 13-3 17-7 5:7 55-0 4-1 
Timothy ‘ ae 2°6 13-8 29-3 6°5 61-0 3-8 


At the end of the experiment, after harvest in 1954, there was a very marked 
increase in the amount of root infection, and corresponding decline in yield, 
according to the number of years that the block had been sown to wheat 
(Table 3). There was no evidence of any difference in the amount of root 
infection, or in the yields, due to the grasses used in the leys. Some of the 
decline in yield with successive cropping to wheat was probably attributable to 
increased growth of weeds, notably poppies and shepherd’s purse. Eyespot, 
Cercosporella herpotrichoides Fron, also almost certainly contributed to the 
decline in yield. Little or no Eyespot was observed in 1952 and 1953, but in 1954, 
when tiller samples from all plots were examined for this disease in May, a mean 
of 66 per cent of the tillers were found to be infected in the third wheat crop (C), 
40 per cent in the second (B), and 21 per cent in the first (A), with no differences 
attributable to the grasses in the leys. 


This trial was carried out in collaboration with Mr. W. Q. Connold, the Provincial Crop 
Husbandry Officer, and the Dorset Agricultural Executive Committee. The farm operations 
were supervised by Mr. G. Malcom. 


REFERENCES 
Bupbin, W. and GARRETT, S. D. (1944). Take-all of Cereals in 1943. Agriculture, 51, 108-10. 


GarreTT, S. D. (1941). Soil Conditions and the Take-all Disease of Wheat. Survival of 
Ophiobolus graminis in the Roots of Different Grasses. Ann. appl. Biol., 28, 325-32. 
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THE EFFECT OF SOIL CONDITIONS ON WHEAT 
BULB FLY OVIPOSITION 


by F. RAw 


Rothamsted Experimental Station, Harpenden, Herts 


The peculiar behaviour of Wheat Bulb fly, Hy/emyia coarctata (Fall.), in laying 
its eggs, not in the wheat crop, but in the soil during the previous summer, has 
focused attention on the extent to which the crop preceding wheat affects 
oviposition (Bremer, 1931 ; Criiger and K6rting, 1931 ; Gough, 1947). These 
studies show that, in England, attacks of Wheat Bulb fly occur chiefly after 
summer fallowing on heavy soils, and after cropping with potatoes and sugar 
beet on light soils. The flies prefer bare or sparsely covered soil for oviposition, 
but apart from this there is little known about the extent to which soil conditions 
affect egg laying. Bremer (1931) found fewer eggs in wet parts of fields than in 
dry, but gives no data on the actual moisture content of the soil. Gough (1953) 
recorded that “‘in the fens heavier Wheat Bulb fly attacks usually, but not 
invariably, occur in the peaty rather than the silty areas if both soil types are 
present in the same field’. Raw (1954) found that the Broadbalk wheat plot 
which had received an annual dressing of farmyard manure since 1843 was more 
heavily infested than plots which had received no organic fertilizer. A related 
anthomyid, the Bean Seed fly, Chortophila cilicrura (Rond.), will also oviposit in 
bare soil. This species,’ whose biology is discussed by Miles (1950), has been 
observed to be attracted to soils rich in organic matter or dressed with certain 
organic manures, and is strongly attracted to freshly cultivated soil. 


When fallowing heavy land in areas subject to Wheat Bulb fly, farmers are 
frequently at a loss to know whether it is better to leave the soil rough or to 
break it down to a smooth tilth. This paper deals with the results of a field 
experiment carried out to study the effect of organic manure, soil tilth, and 
cultivation on Wheat Bulb fly oviposition. 


SITE AND EXPERIMENTAL METHODS 


The site chosen was a small area of Pennel’s Piece, Rothamsted, which was 
fallowed during the summer of 1954. Pennel’s Piece adjoins that section of 
Broadbalk which was attacked by Wheat Bulb fly in the spring of 1954 and is 
consequently close to a source of flies. The soil is a heavy loam, so that the 
conditions typify those associated with fallowing heavy land. The three factors 
studied were : 

Organic manure : farmyard manure at 15 tons per acre (D) versus no manure 


Tilth : smooth tilth (S) versus rough tilth 
Cultivation : soil cultivated during oviposition period (C) versus no cultivation 


The treatments were arranged factorially, giving eight treatment combinations. 
The experimental layout was a latin rectangle design (Healy, 1951) consisting 
of 32 plots in a 4 x 8 pattern. Each row cf 8 plots contained one complete 
replicate and the three-factor interaction was confounded with columns. This 
design has the advantage of a latin square in that sources of heterogeneity may 
be simultaneously eliminated in two directions. Each plot was 5 feet square 
and there were paths 1 foot 6 inches wide between the plots. .The layout is 
shown in Table 1. 


Pennel’s Piece carried wheat in 1953, was ploughed in November 1953, and 
was harrowed twice in the spring of 1954. It was tractor-ploughed on May 17, 
1954 and the experimental site was harrowed on May 30 and then hand-forked 
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WHEAT BULB FLY OVIPOSITION 


to give a rough tilth. On June 5 well-rotted farmyard manure at 15 tons per acre 
was spread evenly over the plots receiving this treatment and lightly forked 
into the top 3-4 inches. By July 12 the whole site was again forked over to a 
depth of 3-4 inches and the soil broken down to a smooth tilth on the appro- 
priate plots. The cultivations were made difficult because the weather was 
unfavourable and because of the danger of breaking down the rough tilth. The 
rough tilth could be maintained, however, if the ground was disturbed only 
after two or three days of dry weather. The appropriate plots were cultivated 
on July 30, August 16 and 27, and September 4. Wheat Bulb flies began to 
emerge towards the end of the third week in June, and observations on another 
experiment showed that few, if any, eggs were laid before mid-July. The plots 
remained free of weeds until mid-August, when Veronica buxbaumii germinated 
on the smooth plots. It was not until late August that weeds had grown to an 
appreciable extent, and by this time most of the eggs had probably been laid. 


To estimate the egg population, eight random soil samples were taken from 
each plot on September 23. Each sample consisted of a cylinder of soil 24 inches 
in diameter taken to a depth of 6 inches below the general soil surface. As the 
treatments were confined to the top 3—4 inches of soil, it was considered that no 
eggs would be more than 6 inches deep. For convenience, the samples from 
each plot were put together in fours. The eggs, which were extracted from these 
composite samples by a standard flotation method, were the only anthomyid 
eggs present in any quantity and were identified as those of H. coarctata by their 
size, shape, pattern of the surface reticulations and by comparison with eggs 
laid in the laboratory. They were distinguished from the otherwise similar 
eggs of C. cilicrura because they lack a pair of ridges at the anterior rim. The 
results are summarized in Table 1. 


TABLE 1 
EFFECT OF SoIL CONDITIONS ON WHEAT BULB FLY OVIPOSITION 


Numbers of eggs collected on September 23 and (in brackets) October 21 from 8 soil samples 
from each 5 feet square plot. 


— DC Cc SC D DSC Ss DS 
20 26 27 22 10 22 6 10 
SC DS Ss —_ DSC D C DC 
24 8 14 27 19 26 22 17 
DC — D DS C Ny DSC SC 
43 20 18 12 15 10 17 25 
DS SC DSC DC S C D — 
13 23 15 19 11 33 21 26 

(18) (28) (23) (15) 


D = 15 tons of farmyard manure per acre; S = smooth tilth ; C = soil cultivated during oviposition period. 


For this experiment, the egg population of the contrasted plots needed to be 
estimated with comparable accuracy. The organic manure and cultivation 
treatments present no special difficulty, but the difference between a rough and 
a smooth tilth does. Thus by September 23, when the samples were taken,the 
rough tilth had been considerably broken by weathering, and the contrast 
between rough and smooth plots was much less than it was during the oviposition 
period. As a check, however, the rough plots in one replicate were raked down 
to a smooth tilth and resampled on October 21. The results are shown in 
Table 1. Ninety-nine eggs were collected from these plots on the first occasion 
and eighty-four on the second. The difference is small enough to suggest that 
the egg populations of rough and smooth plots were estimated with comparable 
accuracy. 
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The data were analysed on a square root transformation (+/n + 4). Analysis 
shows that the treatment effects differ significantly (F = 5-67, 1 per cent 
probability value = 5-42). The accuracy of the experiment is satisfactory, for 
the standard error 0-632 is 14-5 per cent of the experimental mean 4-35. The 
main effects and two-factor interactions for the transformed data are as follows : 


Main Effects Interactions 
D S Cc DS DC SC 
—3-2 —13-6** +13-8** —0°4 +0-2 +7:0 


Significance levels : 5 per cent probability 7-62; 1 per cent probability 10-53. 


The plots with smooth tilth have significantly fewer eggs than the plots with 
rough tilth, and the plots which were cultivated during the oviposition period 
have significantly more eggs than the plots which were not cultivated. The 
interaction between smooth tilth and cultivation just fails to reach the 5 per cent 
level of significance. 


Since in this experiment the farmyard manure had no effect, plots with the 
same treatment, apart from the presence or absence of farmyard manure, may 


be grouped and the results of the experiment may be summarized in a two-way 
table, as follows : 


TABLE 2 


. NUMBERS OF EGGS COLLECTED FROM EIGHT SAMPLES PER PLOT (MEANS OF 8 PLOTS) 
(Untransformed data) 


Tilth Effect of Tilth 
Rough Smooth (Rough) 

, Cultivated 25°3 20-9 + 4-4 
Not cultivated 21-0 10-5 +10:-5 
Effect of cultivation +4+3 +10-4 

DISCUSSION 


A rough tilth clearly favoured oviposition more than a smooth tilth, possibly 
because a greater surface of soil was exposed and there were more cracks and 
crevices into which the flies could penetrate to lay eggs. Cultivation may also 
have increased the number of such oviposition sites. If rough tilth and culti- 
vation are similar in this respect, cultivation should have more effect on a smooth 
tilth and the interaction between smooth tilth and cultivation would be expected 
to be significant. If, however, H. coarctata, like C. cilicrura, is attracted to 
freshly cultivated soil, cultivation should affect rough and smooth tilth similarly, 
perhaps even affecting rough tilth more, because more soil surface is exposed. 
Then a significant interaction between smooth tilth and cultivation would not 
be expected. In this experiment the interaction was barely significant and needs 
further investigation. Both factors, each tending to obscure the other, may be 
involved. 


No effect could be attributed to farmyard manure. If peaty and silty soil 
(or soil which has had repeated applications of farmyard manure and soil which 
has not) differ in their attractiveness, then the differences are not produced by 
a single recent application of organic matter. This suggests that accumulating 
effects of organic matter on soil tilth or moisture may be important. It may be, 
however, that farmyard manure attracts flies to a locality but does not influence 
the choice of oviposition sites. If so, an experiment with much larger plots 
than the present ones would be required to show it. 
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Though the conclusions to be drawn from a single experiment are limited, 
the practical implications of the large treatment effects are apparent. Wheat 
Bulb fly infestations after summer fallows are likely to be increased if the soil is 
left rough and cultivated at intervals, and decreased if it is broken down to a 
smooth tilth and not cultivated during the oviposition period. Leaving land 
untouched during this period may, unfortunately, conflict with the main purpose 
of a summer fallow ; to eradicate perennial weeds. 


The experimental results are also relevant to the problem of assessing damage 
by the insect. In another experiment (unpublished data), oviposition was 
prevented by screening the soil with mosquito netting of suitable mesh. The 
contrasting effects obtained by screening and varying the cultivation make it 
possible to establish different levels of infestation, without using insecticides or 
affecting soil fertility and plant growth, and thereby measure the losses caused 
by Wheat Bulb fly. 


I am indebted to G. V. Dyke for advice in planning the experimental layout. J. R. Lofty 
carried out part of the field work and he and J. W. Stephenson helped to examine the soil 
samples. J. H. A. Dunwoody kindly checked the calculations. 
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SOME DISORDERS OF CULTIVATED MUSHROOMS 


by DoREEN G. GANDY 


Glasshouse Crops Research Institute, Littlehampton, Sussex 


During the past two or three years, unsatisfactory mushroom crops have been 
reported in increasing numbers. Growers have complained of reduced yields, 
often accompanied by death or distortion of the mushrooms. These losses have 
frequently been attributed to “‘ La France” disease. A study of several such 
crops, growing under diverse conditions in this country, was therefore undertaken 
to investigate the validity of this attribution. 


The symptoms of “ La France” disease, as reported by Sinden and Hauser 
(1950) in the United States of America, occurred either after normal flushes had 
appeared, or after a period of failure of the crop to break at the expected time. 


The mushrooms on the diseased beds were of separate individual nature with no 
indication of being cespitose. They had very thin long stipes and globular thin-fleshed 
caps which had somewhat the appearance of Coprinus. They died in a rather soft rot 
turning slightly brown, but not dark. No foul odour was noticeable but the mushrooms 
did not have the corky texture associated with the Mummy disease. Dead specimens 
kept for two days became slimy with bacteria and rapidly decomposed although those 
which were still living when picked were not in decomposition. 


In one case the first two flushes were normal and the third succumbed ; in 
another there was no first flush and only a few mushrooms in the second. In 
some cases there was no deterioration of the spawn, while in others it disappeared 
but nematodes were found in the beds and were considered to be responsible. 
The disease was described as being very contagious, but a recurrence could be 
avoided by thorough disinfection of the affected house. The cause of the disease 
was not known. 


In the present study, a crop growing near Sittingbourne, Kent, in 1954, was 
the first to be investigated. Dead mushrooms occurred singly or in clumps 
(Plate III, 1). They were dry, slightly shrivelled or discoloured, and the gills and 
veils of some were under-developed (Plate III, 5), while others had abnormally 
long and thickened stipes (Plate III, 7). Not all of the mushrooms died ; 
most of those affected were about half-size, although some were larger. The 
trouble occurred in the first flush, and the spread of the disorder was carefully 
mapped three times a week over a period of five weeks from the start of cropping. 
At the end of this time it was found that the outer boundaries of the largest 
affected area had spread about seven feet along the beds, but at no time was the 
whole of the bed affected. The beds were filled with mycelium and were free 
from any known pest or disease. In laboratory experiments it was found that 
compost and casing material taken from the affected areas, when mixed with 
clean sterilized soil and used to case beakers containing pure manure spawn, 
transmitted a disorder which caused the mushrooms to die when half developed. 
A water extract of these mushrooms was sprayed on to steam-sterilized casing, 
and mushrooms grown from spawn in beakers again died when still in early 
stages of development. 


On the second farm, at Horley, Surrey, in 1955, conditions were rather 
different from those at Sittingbourne. The air : bed ratio was smaller, ventilation 
was less and higher air humidity was maintained. In addition to the type of 
mushroom with reduced gills, various other disorders were found. Many had 
long stipes and globular caps, much as described by Sinden and Hauser (Plate 
III, 4), while in others the stipes were not only long, but also greatly thickened 
(Plate III, 2). In some mushrooms the tissues, especially of the stipes, were 
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translucent, as if waterlogged. The number of mycelial strands attaching the 
sporophores to the mycelium appeared to be less than normal. Many of the 
mushrooms died, but, owing perhaps to the higher humidity, they did not become 
dry and spongy as at Sittingbourne. The first flush was affected, and there was 
poor cropping throughout. Much Scopulariopsis was present in the beds, which 
were filled with mycelium, and there were some nematodes in patches. Casing 
soil from this farm was tested in laboratory experiments in the same way as that 
from the farm at Sittingbourne and the mushrooms died before reaching 
maturity. 


At the third farm, at Pevensey, in 1955, mushrooms were growing on ridge and 
shelf beds in a glasshouse, the disorder being most widespread on the former. 
Mushrooms with reduced gills and veils were very numerous, and of these a 
large proportion died at various stages of development. Dead mushrooms were 
shrivelled and spongy, as at Sittingbourne, but, in addition, they turned a 
golden brown colour before starting to shrivel (Plate IIT, 3). The first flush was 
affected, but cropping continued. The beds were filled with mycelium. 


On the fourth and last farm in this study, at Chichester, in 1955, the reduced- 
gill type of mushroom was not seen, and the only deformities consisted of 
lengthening and/or thickening of the stipes. Death of the mushrooms was 
accompanied by a slight discoloration. The first flush was affected, and the 
disorder spread steadily along the beds. The mycelium disappeared from the 
compost, which was found to be heavily infected with Rhabditis sp. 


In none of the cases studied could any cultural or other treatment be found 
that was common to all farms and might account for the crop failures. In none 
of the crops seen did the symptoms agree fully with those described by Sinden 
and Hauser, but it was not possible to exclude the possibility that the disorders 
found were different symptom expressions of “‘ La France ” disease and that the 
variations were due to differences in environmental conditions. Under- 
development of the gills and veils was the most distinctive common abnormality. 
Laboratory experiments indicated that the disorder on two of the farms was 
contagious, but this could not be demonstrated by using material from the 
other two farms. The general absence of asymmetric caps and of a gritty 
texture in the stem tissue suggested that the disorders were distinct from 
mummy disease as described and figured in this JOURNAL by Storey (1954). 


Thanks are due to Mr. J. J. Walker for the photographs. 
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THE COMPARATIVE TOXICITY OF 0-025 PER CENT 
AND 0-005 PER CENT WARFARIN TO RATTUS 
NORVEGICUS 


by E. W. BENTLEY, L. E. HAMMOND AND EILEEN J. TAYLOR 


Infestation Control Division, Tolworth, Surbiton, Surrey 


In this country the normal concentration at which warfarin is used to control 
the common rat, Rattus norvegicus, is 0-005 per cent. To obtain good results 
against the ship rat, Rattus rattus, and the house mouse, Mus musculus, a 
concentration of 0-025 per cent is recommended. The original decision to use 
0-005 per cent warfarin against R. norvegicus was based on early work which 
was carried out mainly in the U.S.A., and took into account the lowest concen- 
tration that usually gives a complete kill, the maximum number of days over 
which it is practicable'to carry out baiting, and the considered degree of risk of 
serious accidents to humans and domestic animals. 


Little information was available on the relative adverse effect (if any) on bait 
acceptance—except that it was known that high concentrations such as 0-1 per 
cent and above were a little unpalatable. Since 0-005 per cent warfarin has 
been in regular use in the United Kingdom it appears to have given good results, 
but the easy availability @f a concentrate suitable for dilution to 0-025 per cent 
has led also to trials with this strength against R. norvegicus. These have 
suggested that sometimes quicker and more economical control is obtained than 
with the 0-005 per cent concentration. The purpose of the tests to be described 
was to obtain laboratory data on the relative toxicity to the common rat of 
0-005 per cent and 0-025 per cent warfarin, as a prelude to possible field trials 
to determine whether any change from the present recommended concentration 
could be justified. 


METHODS 


Since the amount of warfarin necessary to kill a rat depends on the period 
over which the poison is consumed, there are several possible average lethal 
doses from which to choose. Much of the American work on warfarin toxicity 
has involved either ad libitum feeding on the poisoned bait until death, or similar 
access to a choice of warfarin bait and ordinary laboratory diet. The first 
method, while useful for some purposes, leads to an over-estimate of the number 
of days over which the poison bait must be eaten for death to ensue. This is 
because rats which have already eaten a fatal dose usually continue feeding for 
some time afterwards. The second method gives useful information on bait 
acceptance but hinders straightforward comparisons of toxicity. 


The method used here was to offer to individually caged, wild Rattus norvegicus 
excess amounts of either 0-005 per cent or 0-025 per cent warfarin in medium 
oatmeal for periods of 24, 48, 72 or 96 hours ; the animals were then given 
cubed diet and kept under observation for three weeks. Water was always 
available. All the rats had been fairly recently hand-caught from a locality in 
which no warfarin treatments had been carried out, and were fed on medium 
oatmeal for a few days before the experiments to accustom them to the cages 
and feeding pots. In spite of this, a few rats refused to feed on the first night 
and had to be rejected. Animals were chosen so that equal numbers of each 
sex and individuals of similar weights were used at the two concentrations of 
warfarin. 
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TOXICITY OF WARFARIN TO RATTUS NORVEGICUS 


Rats from the same source were used in two acceptance trials. They were 
kept on cubed diet until the test period, when they were given a choice of both 
strengths of warfarin in medium oatmeal for four nights. A cross-over technique 
to lessen the effect of place or container preference was introduced. 


The warfarin baits used in the tests were obtained by diluting two ordinary 
commercial samples of concentrate. These were later each analysed twice by 
the method described by La Clair (1952). The estimates for the 0-1 per cent 
were 0-107 per cent and 0-103 per cent, and those for the 0-5 per cent were 
0-459 per cent and 0-455 percent. The figures quoted below have not, however, 
been corrected. 


RESULTS 


The data from the feeding experiments are summarized in the table. Feeding 
for three or four days on either concentration of warfarin gave 100 per cent 
mortality. Even after two days’ feeding, several rats died. The stronger bait 
claimed more victims and this result is probably repeatable, especially in view 
of the figures for 24 hours. Here 0-025 per cent warfarin killed 9 out of 12 rats 
and 0-005 per cent only 5 out of 12. The average time taken to die (omitting 
survivors) was between six and seven days, except for the 24-hour test at 
0-025 per cent, for which the average time to death was eight days. The lowest 
effective fatal dosage was 3-06 mg. per kilo of body weight. The animal 
concerned was a female which weighed 171-5 g., ate 10-5 g. of 0-005 per cent 
warfarin in 24 hours, and died with normal signs of warfarin poisoning on the 
fifth day. At the other extreme a young male weighing 132 g., ate 28-9 g. of 
0-025 per cent warfarin in 48 hours—a dosage of 54-6 mg. per kilo—and 
survived. This result is obviously unusual, since the most resistant of the 26 rats 


MORTALITY IN THE COMMON RAT AFTER FEEDING FOR VARYING PERIODS ON TwO 
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0-025 per cent Warfarin | 0-005 per cent Warfarin 
Period 
w. ai Fatal | Range of Fatal | Range of ‘ 
a Dose Dosages | Time Dose Dosages ime 
(hours) | Mortal | (mg.jkilo| that | to Die | Moral | (mg jkilo| that | to Die 
"Y | body wt.) | Failed to| (days) Y | body wt.) | Failed to | (days) 
Kill Kill 
24 9/12 12-0- 16-2- 5-10 5/12 3-1- 2-0- 5-9 
32-4 23-5 4°5 4:5 
48 21/23 20: 1- 31-0- 4-10 15/23 §-2- 5-5- | 410 
53-3 54:6 9-9 11-5 | 
72 12/12 | 21-2- on 4-7 12/12 | 6-2- eo 
50-2 12-3 | 
96 17/17 26-7- os 4-10 14/14 6-5S- | — 4-11 
78-6 | 13-1 | 











fed for three and four days at 0-005 per cent needed only about 13 mg. per kilo 
of body weight to kill it. Most of the 29 rats in the comparable tests at 0-025 per 
cent undoubtedly ate rather more than a fatal dose. 
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PLANT PATHOLOGY 


There was no indication among the 20 survivors or in the records of time of 
death that males differed from females in their resistance to warfarin, but this 
is not surprising. Nor was there any obvious weight effect. In all the experi- 
ments the average consumption over the first one or two days was about normal, 
or just below normal, for this type of cage test. Thus the 12 rats which were 
fed on 0-025 per cent warfarin for 24 hours ate a total of 200 g. of oatmeal, or 
7 per cent of their body weight. In a natural infestation they might be expected 
to eat more than this (Chitty and Southern, 1954). 


In the first 48 hours of the tests in which a choice of the two concentrations 
of poison was available, 23 rats ate an average of 14-9 g. of 0-005 per cent 
warfarin and 12-9 g. of 0-025 per cent. The differences in consumption shown 
by individual animals were analysed by Student’s “‘ t ’” test and were found to be 
of little significance (P = 0-3). One animal fed only on the weaker concen- 
tration. The four-day figures indicated even less discrimination but, since 
feeding fell off on the third and fourth days, there is a possibility that the figures 
were biased by place-preference effects. 


DISCUSSION 

It is known that under laboratory conditions 0-005 per cent warfarin in most 
simple baits, such as medium oatmeal, is less acceptable than the plain bait-base. 
Since 0-025 per cent warfarin is no less acceptable than 0-005 per cent, it can 
be inferred that the higher concentration can also be made attractive to 
R. norvegicus by Paes. a suitable bait-base. It is likely that this argument 
would apply also in the field, where conditions are usually less stringent than in 
a laboratory cage. There is ample evidence that 0-005 per cent warfarin, even 
in medium oatmeal without the addition of masking agents such as sugar, is 
normally eaten readily by wild rats. It seems, therefore, that from considerations 
of palatability there would be no difficulty in using the stronger bait. 


It appears reasonable to suppose, too, that if rats can be induced to feed on 
nothing else but the proffered poison bait for three days, the majority will be 
killed without recourse to the higher concentration, although occasional indi- 
viduals will survive. Thus the rat that ate 28-9 g. of 0-025 per cent warfarin in 
two days without succumbing would have needed to eat five times this quantity 
of bait at the lower concentration to obtain an equivalent dose—an impossibility 
for a rat weighing 132 g. Even allowing for the effect of the extra day, it is 
unlikely that feeding for three days on 0-005 per cent warfarin would have been 
fatal. The chances of escape at 0-025 per cent would obviously have been less. 


In practice, most warfarin treatments take longer than a week and may even 
be semi-permanent. On the other hand, environments must be considered 
where, as a result of continual disturbance or other factors such as the presence 
of more palatable alternative food, some rats can be induced to visit baits only 
on one or two nights (or if more than once or twice, with long intervals between 
visits), or can be induced to take only a portion of their daily needs from the 
baiting points. In these circumstances the laboratory results suggest that there 
is an advantage to be gained from using the stronger concentration. For if it 
can be assumed that their alternative food does not contain more vitamin K, 
than the bait-base, rats taking only 20 per cent of their daily requirements from 
the baiting points will show the same mortality as if they had fed solely on 
0-005 per cent warfarin. Further, the results of the 24- and 48-hour tests 
indicate that more of the rats that visit baits infrequently will be killed. 


The practical significance of these feeding trials depends on the extent to 
which environmental factors operate to prevent continuous and complete 
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TOXICITY OF WARFARIN TO RATTUS NORVEGICUS 


consumption of bait. This can only be determined satisfactorily from a 
comparative series of field trials. 


Thanks are due to Mr. A. Taylor of Infestation Control Division who analysed the warfarin 
used. 
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PHYSIOLOGICAL RING PATTERN IN SOME 
GESNERACEAE 


by M. HOLLINGS 
Plant Pathology Laboratory, Harpenden, Herts 


Ring and line patterns suggestive of a virus infection are often seen in gloxinias, 
gesneras, and especially in saintpaulias, and have been ascribed to various 
causes. Hadorn (1942) recorded foliar variegation in some Gesneraceae in 
Switzerland, with loss of chlorophyll in affected areas of the leaves, and attri- 
buted this to excess solar radiation with abrupt temperature fluctuations, 
especially in spring and autumn. Weiss (1948) listed the Ringspot disease of 
saintpaulia and gave the cause as wetting of the foliage with cold water. Pelluchi 
(1953) described ringspot symptoms on saintpaulia in Italy; he found no 
intracellular inclusion bodies in leaf cells, and from this inferred the non-viral 
nature of the disease, which he attributed to some unfavourable environmental 
factors. Some horticultural authorities state that overhead watering damages 
saintpaulias ; other writers have reported to the contrary. 


In the past, many diseases thought to be physiological or cultural in origin have 
proved, on investigation, to be virus infections ; for this reason, extensive tests 
for virus were made, and the results are recorded in the present paper, with 
experimental evidence that the markings are, in fact, physiological in nature, and 
can be induced by overhead watering with cold water in sunlight. 


On saintpaulia the markings show as coarse yellow or brownish ring and 
line patterns on the upper surface of the leaves (Plate I, 1 and 2) ; large yellow 
areas appear on severely affected leaves, which ultimately become totally brown 
and leathery, with considerable collapse of the tissues. On gloxinia the patterns 
are more greenish in colour, and on gesnera they are usually a bright rust red. 
Achimenes leaves often show necrotic brown flecks only (Plate I, 1), with some 
leaf buckling as the surrounding unaffected tissue enlarges, but in severely 
affected plants ring and line patterns can be seen. 
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TESTS FOR VIRUS 


Plants under test for virus were kept in an insect-proof glasshouse and grown 
in John Innes No. 2 compost. Virus inoculations were made by conventional 
methods: “‘Celite’’ abrasive or 400-mesh carborundum powder was used 
with M/15 phosphate buffer at pH 7-0 in all sap inoculations. Aphids were 
reared on tobacco plants and handled with a small paint brush. All test plants 
were raised from seed, or from cuttings from seedlings. Sap inoculations were 
made from affected saintpaulia leaves to the following test plants : 


Anemone nemorosa 
Antirrhinum majus 
Beta vulgaris 
Callistephus chinensis 
Capsicum annuum 
Cheiranthus cheiri 


Epilobium montanum 
Gomphrena globosa 
Helianthus annuus 
Helichrysum bracteatum 
Lactuca sativa 
Lycopersicon esculentum 


Phlox drummondii 
Primula sinensis 
Saintpaulia ionantha 
Salpiglossis sinuata 
Senecio cruentus 
Solanum tuberosum 





Chenopodium album 

C. amaranticolor 
Chrysanthemum indicum 
Cucumis sativus 

Dahlia pinnata 

Datura stramonium 
Dianthus barbatus 


Melilotus alba 
Nicotiana glutinosa 
N. rustica 

N. tabacum 
Pelargonium zonale 
Petunia hybrida 
Phaseolus vulgaris 


Spinacea oleracea 
Tetragonia expansa 
Trifolium repens 
Tropaeolum majus 
Vigna sinensis 
Zinnia elegans 


No symptoms were visible on any of the inoculated plants. Similar inoculations 
made from affected leaves of gloxinia, gesnera and achimenes to, most of the 
mentioned test plants alsé produced no symptoms. Aphid transfers were made, 
using 20-30 Myzus persicae (Sulzer) per plant, with infection feeds of 2-4 minutes 
(after 3-4 hours pre-starvation) on affected saintpaulia leaves, and test feeds of 
about one hour on tobacco, petunia, datura, New Zealand spinach, cucumber, 
cowpea, Chenopodium amaranticolor Coste and Reyn., and saintpaulia. Other 
aphid transfers were made with infection feeds of up to five days on saintpaulia 
leaves, and test feeds of up to ten days on healthy saintpaulias. No symptoms 
appeared on any of these plants. Slips of leaf and petiole from affected 
saintpaulia, gloxinia and gesnera plants were grafted into petioles and leaves of 
healthy saintpaulia seedlings ; few grafts succeeded, but none of the plants 
developed any symptoms. Physical and chemical tests (ultra-violet fluorescence, 
and Lindner’s test (Lindner et a/., 1951)) were applied to affected plants, but all 
gave negative results. Examination of leaf cells for inclusion bodies, both by 
polarized light, and using the staining technique of McWhorter (1941), revealed 
no intracellular inclusions, confirming the findings of Pelluchi. There was 
therefore no evidence for the symptoms being due to a virus. 


SHADING AND WATERING EXPERIMENTS 


Preliminary tests during the summer months with two batches of saintpaulia 
plants having clearly defined leaf markings showed that plants watered from 
above continued to develop markings, while those watered from below produced 
new leaves without any such patterns. These treatments were reversed after 
three months, and plants now watered from above developed leaf symptoms, 
while those watered from below produced normal young leaves. 


Detached leaves from saintpaulia and other Gesneraceae root readily in sand 
and peat at 15--18° C., taking up to three months to produce a young plant. 
A clonal stock of saintpaulia plants were raised from a selected seedling, and 
batches of these plants were used in subsequent experiments. Four batches of 
twelve such plants were used to compare the effects of shade or sunlight, 
and watering from above or from below. The shading consisted of a 
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RING PATTERN IN GESNERACEAE 


reduction of the light intensity in the glasshouse to about one half, and was 
obtained by applying a shading compound to the glass. Plants were watered 
overhead daily with cold water, and within a week nearly all the leaves of plants 
so watered in sunlight were showing markings, which soon became severe. 
Nine of the twelve plants watered overhead in the shade each developed 
extremely mild leaf patterns on one or two leaves, but these markings took 
2-3 weeks to develop. Plants watered from below, both in sunlight and in shade, 
developed no leaf markings. These tests were carried out in the summer months, 
and similar results were obtained with gloxinia, gesnera and achimenes plants in 
tests on a smaller scale. In all cases the flowers were unaffected. The effect on 
plant vigour depended on the extent of leaf area involved ; occasional markings 
appeared to do no harm, but severely marked plants showed noticeable 
reduction in vigour. Oncea leaf became affected the markings seemed permanent, 
even though overhead watering ceased; plants kept for over eighteen months 
produced young growth of normal colour on watering from below only, but the 
old marked leaves retained their patterns until they died. 


When plants were watered from above once daily in summer sunlight, leaf 
markings appeared after a few days; a single overhead watering usually 
caused slight markings on some leaves. In the winter months even daily over- 
head watering had little effect except during periods of bright sunlight ; in dull 
weather no markings were produced, even when plants were watered several 
times a day. Plants watered several times during a morning in full summer 
sunlight developed markings on most leaves the same day. Detached saintpaulia 
leaves, their petioles inserted in moist sand, reacted in a similar manner to 
leaves on plants, and were used in a number of tests to determine the relative 
susceptibility of upper and lower leaf surfaces. Detached leaves were placed 
facing upwards or downwards in sunlight, and in each position either upper or 
lower epidermis was sprayed with cold water. Severe leaf markings appeared 
only on leaves where the upper epidermis faced upwards and was sprayed ; 
negligible markings formed on all other leaves, whilst the two batches of control 
leaves, one watered from below in sunlight, the other watered from above in 
heavy shade, remained entirely unaffected. It is thus the upper leaf surface 
which is susceptible to watering damage. 


EFFECT OF TEMPERATURE OF WATER 


Trials were carried out to compare overhead watering in sunlight and moderate 
shade, with warm and chilled water. Shade treatment obtained by light muslin 
screening reduced the light intensity by about one-third. ‘“‘ Warm” water was 
about 35° C., and “ chilled ’’ water at about 3° C., and the plants were watered 
daily. Plants kept in full sunlight and watered overhead with chilled water 
developed severe markings within a few days ; plants watered overhead with 
warm water in sunlight developed only very occasional markings on isolated 
leaves. Shaded plants watered from above with chilled water developed 
markings on a number of leaves, but these were fewer and much less severe than 
those produced by cold watering in sunlight. Shaded plants watered overhead 
with warm water developed no markings, and all the control plants, which were 
watered from below with warm or chilled water, remained unaffected in both 
sunlight and shade conditions. Maximum damage thus occurs after overhead 
cold watering in full sunlight. 


There is an old suggestion that when plants are watered in bright sunlight 
any water droplets remaining on the leaves act as lenses, focussing the sun’s rays 
and inducing “‘ burns” on the leaf tissue below. The influence of water 
temperature on symptom production made this explanation unlikely in the 
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present problem, but further tests were made to establish this. One group of 
saintpaulia plants was kept in bright summer sunlight for 3-4 hours, then placed 
in very heavy shade and immediately watered from above with chilled water. 
Another group of plants which had meanwhile been kept in the heavy shade, was 
brought out into full sunlight and immediately watered from above with chilled 
water. Within a week severe markings had developed on all plants of the group 
subjected to sunlight followed by shade and immediate watering, but all plants 
of the group, kept in the shade then watered on being placed in the sun, 
remained perfectly normal. 


In another test, one group of saintpaulias was watered overhead with chilled 
water, and another group with chilled water to which a little wetting agent had 
been added to ensure that all the water ran off the leaves. Both groups of plants 
were kept in full sunlight, and both developed severe markings within a few 
days. Symptoms were even more severe on the plants watered with the water 
containing the wetting agent than those watered with plain water, especially 
on the younger leaves ; this was probably because the wetting agent enabled 
the water to penetrate the protective felt of epidermal hairs on the younger 
leaves. A further test, in which saintpaulia plants were watered from above 
with chilled water in sunlight, and the leaves immediately blotted dry with 
filter paper, produced typical leaf markings just as severe as in plants untouched 
after similar watering. These experiments show that the “ droplet lens ” 
theory has no connection with the present problem, and indicate that the 
damage is caused almost immediately after the leaves are chilled. 


To find how long saintpaulia plants remained susceptible to watering damage 
after being in sunlight, batches of plants were exposed to full sunlight for 
3+4 hours, then placed in heavy shade, and after different intervals of time 
(ranging from one minute to two hours) were watered from above with chilled 
water. The treatments were repeated twice daily for three weeks. Susceptibility 
declined steadily in the shade, and though quite severe markings developed 
within a few days when watered up to five minutes after removal from sunlight, 
only mild markings appeared after ten minutes’ delay, and rarely after fifteen 
minutes’ interval. No markings were produced after thirty or more minutes. 


Other batches of saintpaulias were exposed to full sunlight for different 
lengths of time (ranging from one minute to two hours), then placed in heavy 
shade and immediately watered from above with chilled water. Occasional 
markings appeared when watered after fifteen minutes in bright sunlight, and 
more frequently after thirty minutes, while after an hour no further increase in 
the subsequent severity of reaction could be detected. 


EFFECT OF DRY CHILLING 


The effect of dry chilling on the leaves was tested in two ways ; chilled buttons 
(temperature about 0° C.) were placed, one in the centre of each leaf, on the upper 
surface of leaves of saintpaulias exposed to full sunlight. Localized brown 
scorchlike markings of the shape and size of each button were produced on all 
treated leaves and, in addition, yellow flecks and very faint patterns appeared 
towards the edges of some leaves, although all watering was from below. 
This suggests some conduction of the shock stimulus to other parts of the leaf. 
Control plants kept in heavy shade showed only the localized scorch marks of 
the shape of the buttons on some leaves. In another experiment, plants were 
kept in full sunlight for 1-2 hours, placed in the freezing compartment of a 
refrigerator (temperature about —5S° C.) for five minutes, then returned to 
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RING PATTERN IN GESNERACEAE 


sunlight, and the treatment repeated throughout the day as sunlight permitted. 
All watering was from below. Leaf markings appeared within twelve hours, and 
became increasingly severe as the treatment continued. 


Tests were carried out to compare the importance of the light and heat of 
sunlight in the production of leaf markings by watering damage. Saintpaulia 
plants were placed under lightproof cardboard hoods, which were put under 
bell-jars in full summer sunlight for 1-2 hours. The plants were then removed to 
heavy shade, immediately watered from above with chilled water, and after 
approximately fifteen minutes returned to the dark under the hoods. This 
treatment was repeated several times daily for a week, the temperature under the 
hoods being usually about 40° C. and the water used at about 3° C. Control 
plants were kept under similar hoods in a cool greenhouse where the temperature 
under the hoods did not exceed 18° C., and were subjected to similar watering. 
At the end of a week only very faint patterns had developed on some leaves of 
those plants chilled from the warm conditions, and plants chilled from the cool 
conditions were unaffected. Plants exposed to sunlight and similarly watered 
developed very severe patterns within two days. This points to the light rather 
than the heat of sunlight as the important factor in inducing susceptibility to 
chilling damage. 

EFFECT OF ARTIFICIAL IRRADIATION 


Saintpaulia plants were subjected to various forms of light irradiation, for 
periods varying from one hour to fifteen days, and at distances from the light 
sources ranging from ten to twenty cm. In each treatment half the plants were 
watered from above, and half from below, using chilled water. Dark brown scorch 
marks, quite different from the typical yellow-brown patterns described, were 
produced on many leaves by ultra-violet radiation from a Towers lamp, and 
also by 100 watt electric bulbs in reflectors. In each case the heat radiation was 
considerable, warming the plants to more than 40°C. There was no apparent 
difference between plants watered from above and those watered from below ; 
neither group produced any ring patterns. When kept under mercury vapour 
strip lights (80 watts) over a period of six weeks in the winter months, all plants 
remained perfectly normal whether watered from above or from below ; this is 
of interest in view of the use of such lamps in saintpaulia cultivation. There was 
some evidence, though the results were rather variable, that after a period of 
exposure to irradiation (especially ultra violet) some plants were more susceptible 
to subsequent overhead watering damage in the weaker sunlight of winter. 


A number of these shading and watering tests were also carried out using 
detached saintpaulia leaves, with identical results to those obtained with entire 
plants. In addition, some tests were made using detached leaves of other 
species of Gesneraceae, with very similar results to those obtained with saint- 
paulia, except that achimenes was more resistant to watering damage, and 
appeared to lose its susceptibility more quickly when transferred to heavy shade 
than the more fleshy-leaved species, gesnera, gloxinia, and saintpaulia. 


HISTOLOGICAL CHANGES IN AFFECTED LEAVES 


Histological examination of saintpaulia leaves showed that the deep green of 
the narrow photosynthetic layer was replaced in affected areas by a yellow or 
brown pigmentation ; the other cell layers appeared unaffected. The latter com- 
prised the rather small colourless cells of the upper and lower epidermes, with their 
multicellular hairs, and the very large mesophyll cells containing mucilage but 
very few plastids (mostly leucoplasts). Chloroplasts in affected cells showed 
varying degrees of disorganization. In slightly yellowed zones they merely 
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showed a change in colour to a pale golden yellow ; in severely damaged parts of 
the leaf they showed aggregation into yellow masses, and in such leaves a number 
of chloroplasts appeared in the large mesophyll cells. In gloxinia and gesnera 
similar changes occurred, but in achimenes a localized necrosis was found, 


involving the whole leaf thickness in many instances, causing the brown leaf 
flecks. 


CONCLUSIONS 


From all these experiments it is clear that sudden chilling of the leaves of 
these plants in sunlight is the cause of the ring and line patterns, and of the more 
severe total yellowing and necrosis that can be developed. The damage is 
done almost immediately after contact with the chilling agent, but may not 
become visible until later. Damage is apparently cumulative, since repeated 
daily waterings under slight shade conditions result in progressively more 
severe damage, whereas a single watering may have no visible effect. Only 
slight markings are produced by chilling under conditions of moderate shading, 
and none occurs under heavier shade. No exact figure can be given for the 
threshold of light intensity necessary to induce susceptibility, but no markings 
could be produced in shade conditions where the incident light did not exceed 
30 foot-candles. Markings could, however, be caused after 2-3 weeks of daily 
watering in a light intensity of about 250 foot-candles. At an incident light 
intensity of 2,000 foot-candles plants were extremely susceptible to chilling 
damage. In addition to requiring a certain intensity of light, there appears to be 
a minimum temperature requirement befcre the plants become susceptible. 
From observation this is in the region of 18° C., and is probably an important 
factor in the reduction of susceptibility in the winter months. From the 
experimental evidence, there is clearly more involved than a sudden change in 
temperature. In sunlight, and above a certain minimum temperature, a condition 
of susceptibility begins in a little under half an hour, reaching a maximum after 
one hour ; it is maintained at this maximum while exposed to full sunlight, and 
declines steadily when the plant is placed in the shade. In view of this, and 
since the chloroplasts are the focus of the damage, it is likely that sudden 
chilling under susceptible conditions disorganizes some stage in the photo- 
synthetic process within the leaf. 


The remedy for stocks of plants affected with this physiological ring pattern 
is obviously to change to a regime of watering from below ; wherever possible 
the Gesneraceae should be kept out of direct sunlight by some form of green- 
house shading, especially in the summer months. Young growth of affected 
plants will then be normal, and the old marked leaves can be removed. 
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2. Saintpaulia plant showing typical ring patterns induced by cold overhead watering in sunlight. 
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FROST-LIFT DAMAGE TO WINTER-SOWN BARLEY (see p. /48) 








1. Left : two normal plants. Centre : two damaged plants putting out crown roots. 
Right : two damaged plants with crown roots absent. 


OVERWINTERING MYZUS PERSICAE (see pp. 1|35-7) 
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2. Winged Myzus. persicae. Left: fundatrigenia from peach on May |, showing relatively short 
cornicles. Right : virginogenia from chrysanthemum, May 23, showing longer, club-shaped cornicles. 
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SOME DISORDERS OF CULTIVATED MUSHROOMS (see pp. 118-9) 


2. Stipes thickened at base and in 3. Stipes thickened, galls 
region of annulus. under-developed and veils 
absent. 


. 
: 
) 


6. Normal, healthy 
mushroom. 
short 
yrnicles. s 


Gills and veils under-developed. 7. Stipes long and thick. 
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Young lesions showing concentric disposition 2. Late stage showing bleached central 
of spore masses. lesion. 


Photos : Birmingham University 
3. Brussels sprout showing dark remains of 4. Apothecia of the causal fungus. 
spore masses on undersides of leaves. 
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LIGHT LEAF SPOT OF BRASSICAE 


by C. J. HICKMAN 
Botany Department, University of Birmingham 
AND ELIZABETH R. SCHOFIELD AND R. ERIC TAYLOR 


National Agricultural Advisory Service, Evesham 


Light Leaf Spot disease, caused by the fungus Gloeosporium concentricum 
(Grev.) Berk. and Br., occurs in England chiefly on cabbage, cauliflower and 
broccoli, and Brussels sprouts, and it has once been reported on purple sprouting 
broccoli (Beaumont and Staniland, 1939). It has been recorded most frequently 
in the northern counties, and in most seasons can be found affecting spring 
cabbage in Northumberland (Moore, 1943). It is reported from time to time 
from other widely separated districts farther south, but it is rarely severe enough 
to be of economic importance and it may be commoner than records would 
imply. 


In May 1954, cauliflower leaves (var. Driancourt) affected with Light Leaf Spot 
were received at the Evesham laboratory from Bricklehampton, Worcestershire. 
The leaves came from a few plants being saved for seed, and when affected 
plants were first observed the disease was occurring predominantly on the 
older outer leaves. Later, however, the disease had spread to the younger 
leaves and, towards harvest, was found affecting the seed heads, including the 
pods—an observation that admits the possibility of the disease being seed-borne. 
There appears to be no evidence in the literature on this point. We are not 
aware of any previous observations of the disease on the seed head, although the 
occurrence of discoloured patches on the curd is said to be a symptom of the 
disease in South Australia (Waite Institute, 1939). At the same time as the 
disease was observed on cauliflowers for seed at Bricklehampton, it was seen on 
adjacent early- and late-planted ware crops of Driancourt. Later it was also seen 
on Brussels sprouts (var. Stephen’s Special) in the same district. We have since 
noted it at Evesham and Offenham, in Worcestershire, and near Snowshill and 
Stow-on-the-Wold in Gloucestershire. We have also seen it on broccoli at 
Binton and Luddington, Warwickshire, and Woolhope, Herefordshire, and 
on cauliflower at Sedgeberrow in Worcestershire. In the majority of these cases 
the disease was no more than incidental, but at Woolhope practically all the 
plants in a small patch approximately 6 x 9 yards were affected and the disease 
was sufficiently severe to cause considerable leaf distortion on some of the plants. 
On the Brussels sprouts, the buttons were infected but the disease was not so 
severe as to impair their market value. Brenchley (in /it.), however, records that 
in October 1954, 30 per cent of the sprouts from a 40-acre field affected by 
Light Leaf Spot in Bedfordshire were unsaleable. 


SYMPTOMS 


The disease may occur on any above-ground part of the plant, although 
generally on the older leaves. Both upper and lower leaf surfaces may be 
attacked, principally between the veins, but the veins also may be affected. 
The first sign of the disease is the appearance of a number of snowy-white spots, 
each usually less than 1 mm. in diameter and generally arranged in concentric 
circles, giving the appearance of a spray deposit (Plate IV, 1). The white spots 
are spore masses produced by sub-cuticular acervuli. The spores tend to exude 
in the form of a “‘ tendril ” so that the spots at first appear slightly raised, but 
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when the spore mass becomes wetted it spreads out to form a white film and the 
identity of the individual spots frequently becomes obscured. As the disease 
progresses and further spots are formed towards the margin of the affected area, 
the central part acquires a characteristic dull, bleached, fawn colour. When this 
occurs it is seldom possible to distinguish the position of the original white spore 
masses (Plate IV, 2). This characteristic appearance of the older lesion is 
particularly noticeable on the upper leaf surface, and it is this symptom by 
which the disease is most easily recognized in the field. 


On the lower leaf-surface the appearance is often a little different. There, 
the older spots become blackened with age so that, in its later stages, the disease 
appears as a series of concentrically arranged black dots often surrounded by one 
or more rings of white dots (Plate IV, 3). This symptom does occur, but less 
frequently, on the upper leaf-surfaces. Affected areas on veins and petioles 
become hard and brown and split longitudinally. Irregular growth of the leaf 
laminae adjacent to cankered veins results subsequently in twisting and distortion 
of the leaves. 


THE FUNGUS 


The fungus causing Light Leaf Spot was originally described by Greville (1823), 
who established it as the type species of a new genus Cylindrosporium, C. 
concentricum. Later, Bérkeley and Broome (1850) transferred the fungus to the 
genus Gloeosporium, but Thomson (1936), reinvestigating the morphology and 
development of its asexual stage, concluded that it was not a true Gloeosporium 
and proposed the retention of the fungus in the genus Cylindrosporium. His 
paper includes a detailed discussion of the nomenclature of the fungus. Our 
recent observations indicate the necessity for further change in its nomenclature, 
for in culture the perfect stage has appeared. 


During the summer of 1954 cultures were established from conidia. On the 
original isolation plates, streaked with drops of a conidial suspension, slimy 
masses of conidia, faintly flushed with pink, were formed first, but after a few 
weeks apothecia appeared. Further cultures, established from single conidia 
taken from the host and from conidia and ascospores of the first cultures, also 
gave rise to apothecia. 


The apothecia are small, the majority about 2 mm. in diameter. They make 
their appearance, singly or in groups, as minute black bodies, resembling 
sclerotia, each surrounded by light-grey hyphae which radiate from the base of 
the young apothecium, forming a hoary subiculum. In their cultures both 
Thomson (1936) and, later still, Cabral (1940) observed black sclerotium-like 
structures which did not develop further. These they thought might be re- 
productive bodies of some sort, such as pycnidia. There seems no doubt that 
they were, in fact, immature apothecia. 


With further growth the apothecia open at the apex to expose a flat, fleshy, 
grey disc surrounded by a prominent excipulum (Plate IV, 4). Ultimately the 
disc becomes convex and both subiculum and excipulum are obscured. The 
excipulum is composed of cells with dark-coloured, strongly-thickened walls. 
The hymenium consists of many, unicellular, filiform paraphyses, slightly 
swollen at the apex, and, interspersed among them, asci measuring 47-2-87-2 x 
6-4-10-7 uw (average 67-4 x 8-2). Each ascus contains eight spores. These 
are cylindrical with rounded ends, straight or slightly curved, unicellular or 
bicellular, and measure 10-0-15-0 x 2-9 u (average 12-7 x 2-9 pn). 
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Licut LEAF SPOT OF BRASSICAE 


Precise identification of the fungus in its perfect stage must await the results 
of more detailed studies of the morphology of the apothecium, which, together 
with pathogenicity experiments, are now in progress at Birmingham. Meanwhile, 
the general character of the apothecium, and the fact that the asci appear to be 
inoperculate, relate the fungus to the Dermateaceae. 


REFERENCES 


BEAUMONT, A. and STANILAND, L. N. (1939). Notes on Fungal Diseases during the Year 
[1938]. Rep. Dep. Pl. Path. Seale-Hayne agric. Coll., 15, 31. 


BERKELEY, M. J. and Broome, C. E. (1850). Notices of British Fungi. Ann. Mag. nat. Hist., 
(Ser. 2), 5, 455-66. 


CasBRAL, R. V. DE G. (1940). Gloeosporium concentricum (Grev.) Berk. et Br. na Brassica 
oleracea L. Broteria, 9, 18-41. 


GREVILLE, R. K. (1823). Cylindrosporium concentricum. Sc. Crypt. Fl., 1, No. 27. 


Moorg, W. C. (1943). Report on Fungus, Bacterial and other Diseases of Crops in England 
and Wales for the Years 1933-42. Bull. Minist. Agric. Lond., No. 126, 42. 


a Rs R. (1936). Cylindrosporium concentricum Grev. Trans. Brit. mycol. Soc., 20, 


Waite INstiTuTE (1939). Plant Pathological Work in South Australia. Rep. Waite agric. 
Res. Inst., 1937-38, 35-40. (See Rev. appl. Mycol., 1940, 19, 197-8.) 


WEED-KILLERS AND INSECTICIDES USED ON 
CEREALS, PEAS, SWEDES AND KALE, 1954 


by B. M. CHURCH 


Rothamsted Experimental Station, Harpenden, Herts 


During 1954, surveys of fertilizer practice were carried out in twelve districts of 
England and Wales by the Provincial Advisory Chemists of thé N.A.A.S. and 
their staffs in conjunction with the Statistical Department, Rothamsted 
Experimental Station. The survey methods adopted in this co-operative piece 
of work have been described by Yates, Boyd and Mathison (1944) and by Church 
(1952). In addition to information on fertilizers, the surveyors recorded the use 
of weed-killers and insecticide dusts and sprays. This information is not exten- 
sive and the surveyed districts cannot be regarded as representative of the 
country as a whole, but the results are presented here since they are probably the 
only data available from a random sample of farms. 


WEED-KILLERS ON CEREALS 


By far the most widespread practice recorded was the use of weed-killers on 
cereal crops. Table 1 lists the districts which were surveyed and indicates the 
proportions of the sampled cereal fields in each which received weed-killers. 
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TABLE 1 


UsE OF WEED-KILLERS ON SAMPLED CEREAL FIELDS, 1954 
j Percentage of Percentage of 


No. of Sampled Cereal Crops and Grass 
District Sampled Fields Fields Receiving Acreage in 
Weed-killers Tillage 
Isle of Ely (peat and silt soils) ie 232 61 89 
E. Suffolk fe 2 es - 303 42 70 
W. Riding (Vale of York) .. bz 274 29 68 
N.E. Northamptonshire oa mn 137 45 54 
S.W. Northamptonshire 7. ee 129 25 30 
E. Sussex ea zs a me 154 11 28 
Devon (central Culm Measures) i 140 7 26 
W. Devon (Holsworthy area) ee 111 = 20 
Cardiganshire .. ay ad “ 140 2 25 
N.W. Cumberland 2S - ss 109 8 23 
S.W. Cheshire .. i - - 126 2 16 
E. Somerset (Frome—Wincanton area) 54 7 11 


As might be expected, weed-killers are much more widely used in the pre- 
dominantly arable farming districts than elsewhere. All the arable districts 
surveyed during 1954 were in eastern England and it would be interesting to 
know whether such districts in other parts of the country used weed-killers on 
cereals to a similar extent. Amongst the surveyed districts with less than about 
a third of their acreage ih tillage crops, 10 per cent or less of the cereal fields 
received weed-killers, while in the arable farming districts generally between a 
quarter and a half of the fields were treated. 


TABLE 2 


PERCENTAGE OF FIELDS IN WHEAT, BARLEY AND OATS DRESSED WITH WEED-KILLERS IN 1954 


Isle East Northants West Other 
of Ely Suffolk N.E. S.W. Riding _ Districts 
Wheat .. aa vet 68 47 46 32 34 9 
Barley .. he es 60 40 48 27 36 7 
Oats ad as A 57 35 45 11 2 6 
All cereals (including 
mixed corn) ba 42 45 25 29 7 


In Table 2, separate figures are given for wheat, barley and oats for the five 
arable districts in eastern England, and for all other surveyed districts grouped 
together. Wheat and barley are treated with weed-killers rather more often 
than oats, and this is partly associated with the fact that a greater proportion of 
the barley and oats acreage is undersown. The following data for percentages 
of cereal fields, in surveyed districts of eastern England, show that wheat was 
treated less frequently when undersown, while very few undersown barley or 
oat fields were treated. 


Wheat Barley Oats All cereals 


Undersown hy oe Ni ss a a5 6 0 10 
Not undersown .. x wa we fe 50 50 39 47 
Percentage of fields undersown . . fe = 9 18 13 13 


A breakdown of the data by farm size shows that in all districts weed-killers 
are much more generally used on the larger farms. Averaging over the five 
arable districts, on farms in the four size-groups 10-50, 51-150, 151-300, and 
over 300 acres of crops and grass, the proportions of cereal fields treated with 
weed-killer in 1954 were 18, 30, 43 and 55 per cent respectively. 
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UsE OF WEED-KILLERS AND INSECTICIDES 


Amongst the fields for which the type of weed-killer used was specified, 
78 per cent were treated with various formulations of 4-chloro-2-methyl- 
phenoxyacetic acid (MCPA), 13 per cent received 2, 4-dichlorophenoxyacetic 
acid (2, 4-D) and 9 per cent received 2-methyl-4 : 6-dinitrophenol (DNC) 
weed-killers. The relative importance of these three types of weed-killers in 
individual districts is not determined with sufficient accuracy to be quoted. 
The type of weed-killer used was not stated for 7 per cent of the cereal fields 
which were treated ; most of these fields were in grassland districts where 
weed-killers were not commonly used. 


WEED-KILLERS AND INSECTICIDES ON PEAS 


For each of the four districts in which an appreciable acreage of peas was 
grown in 1954 the percentages of the sampled fields receiving weed-killers and 
insecticides are shown in Table 3. Although the numbers of sampled fields are 
small, there are evidently very large differences between districts : for example, 
in the Isle of Ely 40 per cent of the fields growing peas were treated with weed- 
killer, compared with only 10 per cent in the Vale of York. In both these 
districts peas were grown for human consumption only ; it will be noted that no 
case was recorded of weed-killer being used on peas grown for stock feed. On 
all but two of the sampled fields, the weed-killers used were various formulations 
of dinoseb (2-(1-methyl-n-propyl)-4 : 6-dinitrophenol). 








TABLE 3 
Use OF WEED-KILLERS AND INSECTICIDES ON PEAS 
Isle of Ely E. Suffolk Vale of York N.E. Northants 
for human for | for human for | 
con- con- for stock con- con- for stock 
sumption sumption feed sumption sumption feed 
Number of fields sampled 47 29 16 49 8 7 
Percentage receiving : 
Weed-killer .. Ps 40 17 0 10 50 0 
Insecticide .. ea 11 14 19 0 25 14 


Use of insecticides was noted on about a fifth of the sampled pea fields in 
E. Suffolk and N. E. Northamptonshire and on a tenth of those in the Isle of Ely : 
in all cases some formulation of DDT was used. 


INSECTICIDES ON KALE AND SWEDES 


Amongst the surveyed districts, an appreciable acreage of kale was grown in 
N.E. Northamptonshire, E. Suffolk, E. Sussex and E. Somerset. DDT or BHC 
insecticides against flea beetle were used on 70 per cent of the kale fields in the 
E. Sussex district, but on only about 6 per cent of the fields in the other three 
districts. Flea beetle is probably less troublesome in a district like E. Somerset 
than in the drier regions of eastern England, but the contrast between the use of 
insecticides in E. Sussex and in the other eastern districts is remarkable. 
No account has been taken in the above figures of seed dressings, for which 
teliable estimates were not obtained. Swedes were widely grown in N.W. 
Cumberland and the Vale of York, and in both districts about 8 per cent of the 
fields were dusted for flea beetle. 
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SUGAR BEET YELLOWS IN GREAT BRITAIN, 1954 


by R. HULL 


Rothamsted Experimental Station 
(Dunholme Field Station, near Lincoln) 


Yellows caused relatively little loss of yield in most sugar beet fields in Great 
Britain in 1954. In 150 fields sampled by the agricultural staff of the British 
Sugar Corporation, 0-15, 2-1, 8-7 and 21-6 per cent of the plants had yellows 
at the end of June, July, August and September respectively. When 416,000 acres 
of sugar beet were surveyed at the end of August, 37 per cent of the acreage had 
less than 1 per cent infected plants, 57 per cent of the acreage from 1 to 20 per 
cent, 5 per cent from 21 to 60 per cent, and | per cent had more than 60 per cent 
infected plants. This survey gives an average of 8-9 per cent infected plants in 
the British sugar beet crop, compared with 8-7 per cent in the sample fields. 


More plants than usual were infected in June ; the incidence of the disease 
increased steadily throughout the summer, but too slowly to reduce yield greatly. 
The following calculated losses for 1954, although larger than for 1953, are 
comparable with previous years of low incidence and small loss (Hull, Plant 
Pathology, 1953, 2, 39-43 ; 1954, 3, 130) : 


Calculated Percentage Actual Yield Estimated Estimated 
Loss of Sugar Yield per Acre Potential Yield Loss of 
of Roots per Acre* Root Yield* 
At Ct Sugar  Roots* 
tons tons tons tons (000) 
4-3 6:0 1-70 10-63 11-1 199 


* Converted to equivalent yields at a sugar content of 16 per cent. 


+A. Assuming 4} per cent loss for each week the plants are showing symptoms. C. Assuming 2-4 cwt. loss 
for each 10 per cent infected plants at the end of August. 


The worst attacks occurred in the coastal areas of Essex and south Suffolk, 
where 80 per cent of plants were yellow in some fields by the end of August and 
100 per cent by the end of the season. Severe attacks also took place near 
Bury St. Edmunds, in north Lincolnshire and near Kidderminster, but these were 
confined to a few fields near a source of viruliferous aphids, and fields only 
half a mile away had but a small proportion of infected plants. In the Midlands, 
north Yorkshire and Scotland there were fewer than | per cent infected plants at 
the end of August, and in other areas between | and 20 per cent. Severe attacks 
of disease were localized, probably because persistent stormy, wet and cold 
weather throughout the summer restricted movement and multiplication of 
aphids. 


As in 1953, Myzus persicae were more plentiful at the end of July on plants 
with yellows than on healthy plants, but Aphis fabae were not. Both aphids 
were more numerous at the end of July than at the end of June in the sample 
fields ; large losses from yellows have occurred in the past when M. persicae 
were most numerous in June. 


There were few aphids of either species on root crops in August and September ; 
consequently few viruliferous alatae moved to steckling beds. All sugar beet 
steckling beds were certified (Hull, Agriculture, 1954, 61, 205-10) as having 
less than 1 per cent of infected plants in October. 
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SOURCES OF OVERWINTERING MYZUS PERSICAE 
(SULZER) IN ENGLAND 


by L. BROADBENT AND G. D. HEATHCOTE 


Rothamsted Experimental Station, Harpenden, Herts 


Myzus persicae (Sulzer) is the aphid that is mainly responsible for spreading 
many important plant viruses. In England, crops can be colonized by winged 
aphids throughout the period March to November, but there are usually three 
main periods when winged aphids are active: when the aphids leave winter 
hosts during May and June ; in summer when they leave their first summer 
hosts ; and in autumn when they leave their late summer hosts and colonize 
winter hosts. It is rarely warm enough for aphids to fly between December and 
March. 


M. persicae can overwinter as eggs on peach, Prunus persica (L.), and some 
other Prunus species ; they can continue to reproduce viviparously in the open 
on various plants including crops such as lettuce, brassicas, sugar beet, spinach 
and many species of weeds. Under cover, they also continue viviparously 
on the sprouts of clamped mangolds, or on glasshouse plants such as chrysanthe- 
mum, tulip and lettuce. It is important to know the origin of spring migrants 
if attempts are to be made to reduce their number or to forecast the summer 
population that will develop from them. 


Borner (1951) described morphological differences between winged M. persicae 
(fundatrigeniae) that develop on primary hosts (Prunus spp.) and those that 
develop on secondary, herbaceous hosts (virginogeniae). The fundatrigeniae 
have relatively short, dark, cylindrical cornicles, imbricated on the distal half, 
whereas the virginogeniae have longer, paler, club-shaped cornicles with little 
imbrication (Plate II, 2). Using these morphological differences to identify 
aphids colonizing crops in the spring, Martini (1953) in Germany, Meier and 
Keller (1955) in Switzerland, and Hille Ris Lambers (1955) in the Netherlands, 
showed that most migrants originate on Prunus spp. Because of the severe 
winters, very few living aphids survive in these countries on herbaceous hosts. 


In England, however, viviparous M. persicae can survive most winters, and it 
has been assumed that these provide more spring migrants than those produced 
on peach from overwintering eggs, although the fact has never been established. 
During the last few years, while studying virus diseases of potato, lettuce, 
brassicas and narcissus, we have trapped aphids in various parts of England. 
M. persicae are rarely plentiful during spring, and few were trapped, but these 
were examined to find out how many originated on peach or other Prunus species. 
Aphids trapped later than June 20 in the southern half of England, and the end 
of June in the northern half, were not examined, because it can be assumec that 
those developed on Prunus spp. will have left before that time. 


The numbers of virginogeniae and of fundatrigeniae trapped are given in 
the table. Out of a total of 238 winged M. persicae, most of which were trapped 
in the southern half of England, only two were fundatrigeniae. As Prunus spp. 
are almost certainly rarer in the north than in the south of England, fundatrigeniae 
are unlikely to form a larger proportion of the spring migrants in the north. 


The results suggest that the great majority of M. persicae found in England 
during spring originate on overwintering herbaceous plants; the possible 
sources are so many and scattered that it would be practically impossible to 
control them by spraying. When an aphid species only overwinters as eggs on a 
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single or a few hosts (for example, M. persicae on Prunus spp. in parts of 
Holland and Germany, and Aphis fabae Scop. on Euonymus europaeus (L.) in 
Britain), it might be possible to reduce their numbers by spraying the trees with 
an ovicide. Also, it is relatively easy to estimate the potential summer population 
by counting fundatrices, and predators (Hille Ris Lambers, 1955), and to 


Myzus PERSICAE TRAPPED DURING SPRING, 1948-55 


IN POTATOES IN OTHER CROPS 
N.A.A:S. No. of Virginogeniae N.A.A.S. No. of Virginogeniae 
Province Traps May June Province Traps May June 
1948 E. Midland ee 4 0 
1950 Northern .. me — 0 Lettuce 
Yorks and Lancs.. 1 —_ 1 S. Eastern my ce 47* 90 
Eastern ae 11 21 
S. Western Ja — 0 
Wales ay ee: 0 0 
1951 Northern .. a Oe 0 1 S. Eastern 3 0 0 
Yorks and Lancs.. 1 0 0 =—Brassicae 
Eastern .. oe 0 0 Yorks and Lancs.. 3 0 0 
Wales 1 0 0 Eastern 2 0 0 
S. Eastern 2 0 0 
W. Midlands 1 0 0 
\ S. Western 1 0 0 
Wales : 1 0 0 
1952 Northern .. 6s: 0 1 Yorks and Lancs.. 2 0 2 
Yorks and Lancs.. 1 0 0 Eastern 3 10 1 
Eastern ae 1 6 S. Eastern 1 —- 1 
S. Western 1 1 0 
Wales z — 0 
1953 Northern .. 4 0 0 Northern .. ae 0 0 
Eastern 3 2t 1 Yorks and Lancs.. 1 0 0 
Wales 2 0 0 W. Midland 1 0 0 
S. Eastern 2 2 0 
S. Western 1 0 1 
Narcissi 
Eastern 6 0 2 
1954 Eastern .. 3 0 1 Eastern 6 6 2 
S. Eastern 2 6 1 + Brassicae 
Northern .. 1 — 0 
Eastern 1 —_ 0 
S. Eastern 1 — 0 
S. Western 1 — 0 
1955 Yorks and Lancs.. 1 0 1 Northern .. a 0 0 
Midland ‘ 1 0 0 Yorks and Lancs.. 1 0 1 
Eastern 6 0 4 Eastern 1 0 0 
S. Eastern 3 1 0 S. Eastern 2 0 0 
S. Western 1 — 0 W. Midland 1 0 0 
S. Western 1 0 0 
Narcissi 
Eastern .. an, OE 1 2 
* 4 virginogeniae were also trapped here in April. + 2 fundatrigeniae were also trapped. 


determine the period of migration to summer hosts by examining the development 
and dispersal of winged aphids from their primary hosts. It would be extremely 
difficult to obtain such information about M. persicae in England, at least with a 
sufficient degree of accuracy, because of the multiplicity of overwintering sites 
and hosts, some of which might not survive long enough to enable winged aphids 
to leave them. Hille Ris Lambers (1946) and Meier (1954) described species of 
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SOURCES OF OVERWINTERING MYZUS PERSICAE 


Myzus that do not colonize crop plants, whose alatae might have been confused 
in the past with those of M. persicae. Our trapped specimens, however, all 
appear to be M. persicae. 


Thanks are due to Mr. M. Hollings, of the Plant Pathology Laboratory, Harpenden, for 
allowing us to examine the aphids that he trapped in potato fields during 1951-53, and to Mr. 
W. F. Buck for the photographs. 
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OVERWINTERING OF MYZUS PERSICAE (SULZER) 
IN NORTH-EAST SCOTLAND 


by M. W. SHAW 
North of Scotland College of Agriculture, Aberdeen 


In England and Wales Myzus persicae (Sulzer) overwinters mainly as apterous 
viviparae on savoy cabbages, but cabbage and Brussels sprouts may be infested 
at least as heavily as savoys, and kale is frequently infested. Mangold clamps 
also serve as ah overwintering host, (Broadbent 1953). 


Few mangolds are grown in north-east Scotland, and a much smaller 
percentage of the arable acreage is under savoys, sprouts and other commercial 
overwintering brassicas than in England. A sharp contrast is the extensive 
annual acreage of swedes and turnips (for example, Aberdeenshire has over 
60,000 acres, compared with 1,000 acres of other brassicas). Savoys are mainly 
confined to urban areas, whilst on all seed potato-growing farms swedes and/or 
turnips are readily available for the establishment of winter progeny. These 
crops are rarely clamped ; they are usually left in the ground all winter and 
lifted during mild periods. Over five winters (1950-55) the quantity of winter 
foliage has been found to vary according to the variety of turnip or swede and to 
the weather experienced at any particular site. In varieties such as Wilhelmsburger 
and Springwood swede, the stem becomes almost defoliated. The only suitable 
cover for aphids from January onwards is provided by the apical tuft of leaves 
and the stem and basal buds, whose development throughout the winter affords 
little aphid shelter. In turnips, which also suffer loss of the older leaves, there 
is no stem, and more shelter is offered during winter by the crown of closely 
packed leaves which begin to grow early in the spring. 
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In March 1951 three turnip crops and seven swede crops were examined for 
aphids ; no M. persicae was found, and no aphid eggs were noted on the swede 
stems. Myzus ascalonicus Doncaster was noted in all turnip crops, but not in 
the swedes. Regular examinations at three-weekly intervals from late September 
1953 to early February 1954 on one turnip and three swede fields near Aberdeen 
showed that alate M. persicae produces colonies on both crops in the autumn 
but that in the early months of the year few are found. M. ascalonicus appears 
to favour turnips rather than swedes as an overwintering host, illustrating the 
advantage of the extra winter cover of turnips. Broadbent et al. (1949) found 
M. ascalonicus overwintering in swede clamps ; but conditions would be more 
suitable there than in the field. 


General observations on other brassicas during the four winters 1950-54 have 
established that savoys are colonized in September and produce substantial 
colonies on the under-surface of the outer leaves throughout the four months 
September-December. Observations between late January and March during 
1951 and 1953 showed that few aphids are present at this time of year. Similar 
results were noted on spring cabbage. During 1953-54 populations were main- 
tained until early February, but observations had to end then due to the 
ploughing in of crops. 


It is suggested that establishment of colonies in the autumn on the outer 
leaves of turnips and swedes, which throughout the winter suffer severe 
defoliation, results in the loss of aphid colonies which would otherwise provide 
a substantial overwintering aphid source. There appears to be little movement 
from the mature and senescent outer leaves into the central younger leaves, 
and the fact that M. ascalonicus occurs more often tends to show the greater 
winter hardiness of this species compared with M. persicae. In association with 
this is the removal of the two crops by mid-April at a time when, if aphids are 
present, alatae are not produced, and when an interval of at least 6-8 weeks 
before the emergence of potato foliage breaks any possible continuity of the 
overwintering of the species on these hosts. Stove pipe sticky traps during 
1950-54 failed to catch alatae of any species until mid-May, when M. ascalonicus 
was one of the first species to be caught. M. persicae is very rarely caught in 
June and July, most being found in August and September. Jacob (1941) has 
shown that unsuitable weather prevents M. persicae from overwintering on 
savoys. 


From these brief observations it appears that it is not common for the species 
to overwinter successfully on brassicas in north-east Scotland, and the very few 
alatae present on potatoes in July (Shaw, 1955) would tend to confirm this 
finding. The incidence of peaches in glasshouses and outdoors does not 
constitute a major source of overwintering. Such sources are very few, and 
the main acreage of seed potatoes is far removed from them. 


I thank the Principal, Dr. M. A. H. Tincker, for his approval of the work, Dr. G. D. Morison 
for his advice, and Mr. R. M. Allan for assistance in the field. 
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EXPERIMENTS ON THE CONTROL OF THE 
POTATO ROOT EELWORM BY TRAP CROPPING 
WITH BLACK NIGHTSHADE 


by R. D. WINSLOW 
School of Agriculture, Cambridge 


The root diffusate of black nightshade, Solanum nigrum L., stimulates hatching 
of the larvae of Heterodera rostochiensis Woll. (Russell, Todd and Waring, 1949), 
and the roots are heavily invaded, although cysts are not formed (Doncaster, 
1953). In a hatching experiment carried out in 1951, root leachings from 
vigorously-growing plants of S. nigrum had only slight stimulative effect 
compared with potato root leachings (see table), suggesting that black nightshade 
was unlikely to prove very efficient as a trap crop. But the possibilities were 
further investigated by plot experiments in 1952-54. 


LARVAL EMERGENCE FROM POTATO ROOT EELWORM Cysts INCUBATED FOR 21 Days AT 25° C. 
IN WATCHGLASSES, 1951 


Hatch 
Hatching Fluid (Larvae in 150 grammes of Soil) 
Replicate Mean 
(1) (2) 
Tap water or gia ae as ae ae 19 38 29 
Leachings from soil .. ake ae ita - 56 24 40 
Leachings from Solanum nigrum _ a os 494 325 410 
Leachings from potato aie av 8 os 2,140 3,115 2,628 


In 1952, two experiments were set up on infested sites, where small plots in 
which oats were undersown with nightshade alternated with control plots sown 
with oats alone. On one site (sandy clay loam) the oats grew vigorously, 
practically killing out the nightshade seedlings, and no difference was found in 
the eelworm infestation level of treated and control plots. On the other site 
(black fen soil) the cereal was a partial failure and a fair growth of nightshade 
resulted, giving reductions of 23 per cent and 40 per cent in the numbers of 
eggs-and-larvae and “ hatchable ” larvae per gramme of soil respectively. These 
figures were obtained by comparing the final eelworm populations in the treated 
and control plots. By shaking soil from the roots of well-developed plants, the 
maximum reduction likely to be obtained by growing nightshade was assessed 
as 60 per cent and 66 per cent in eggs-and-larvae and hatchable larvae 
respectively. 


In 1953, nightshade sown without a nurse crop on black fen soil resulted in 
excellent “‘ crops’. Reduction in the number of eggs-and-larvae of the order of 
40-50 per cent was obtained, compared with the fallow controls. The reduction 
in terms of hatchable larvae was greater (60-80 per cent), but the hatching tests 
were carried out in winter when hatchability was low, and this reduction is not 
a reliable estimate of decrease in the potential level of infestation. 


In 1954, little or no reduction in numbers of eggs-and-larvae resulted from 
cropping with nightshade, which made only moderate growth. The reduction 
in numbers of hatchable larvae was 75 per cent but, again, the tests were carried 
out in winter when hatchability was very low. 
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Judging from the reduction in numbers of eggs-and-larvae obtained in these 
trials, it would be quite uneconomic to grow black nightshade—to the exclusion 
of a normal crop—to reduce potato eelworm infestation. Even if it could be 
grown successfully by undersowing in a cereal or as a catch crop for green 
manuring, the reduction would probably be no greater than that found by 
Triffitt (1934) and Franklin (1937) for certain grasses, which can be grown more 
profitably, in preference to propagating a noxious weed like Solanum nigrum. 


The fact that reduction in terms of hatchable larvae was always greater than 
reduction in numbers of eggs-and-larvae suggests that a substantial proportion 
of the cyst contents is non-hatchable or possibly non-viable. A parallel was 
found when testing stock (Matthiola incana (L.) R. Br.) as a trap crop for Beet 
eelworm (Heterodera schachtii Schmidt.), where reductions in the degree of 
infestation of three soil populations were investigated. Trap cropping resulted 
in a marked reduction in the number of hatchable larvae per gramme of soil, but 
the number of residual eggs per gramme was similar in the treated and control 
plots and may have represented the non-hatchable part of the population. 


Thus in the Potato Root eelworm experiments described above, the actual 
reduction in the potential level of infestation brought about by trap cropping 
may be greater than that represented by the figures for eggs-and-larvae but less 
than the figures for hatchable larvae (based on winter hatching) suggest. How- 
ever, even if reduction of the order represented by the figures for hatchable 
larvae could be obtained, trap cropping with black nightshade would not be 
an economic proposition. 


Thanks are due to Mr. A. S. Rickwood, of Chatteris, for supplying eelworm-infested soils ; 
and to my colleagues in the School of Agriculture, especially Mr. F. G. W. Jones for suggesting 
the project and for his interest and advice throughout the work, and Messrs. R. Day and 
P. Halfpenny for technical assistance. 
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CONTROL OF CABBAGE ROOT FLY BY ROOT DIPS 


by B. D. MoRETON AND W. I. St. G. LIGHT 
National Agricultural Advisory Service, Wye, Kent 


The possible value of root-dip treatments for transplanted brassica crops based 
on gamma-BHC, dieldrin and toxaphene was shown by pilot trials in 1952 
(Plant Pathology, 1953, 2, 82-4). Experiments were repeated with gamma-BHC 
and toxaphene in 1953, using summer cabbage with the roots and stem dipped 
in wettable powder suspensions of the insecticides in water just before planting 
out at three centres in May. The centres were at Wallington in Surrey, Preston 
in Kent, and Peacehaven in Sussex. Cabbage Root fly attack was light at all 
three centres, but the results supported the indications from the first trial. 
Treatments were replicated four times at each site with 100 cabbages per plot, 
and the results are given in Table 1. The weights of marketable cabbage could 
not be obtained at the Wallington centre, and at Preston the occurrence of 
Club Root made assessment of root damage impossible. 


TABLE 1 
MEAN YIELDS OF MARKETABLE CABBAGE AND PERCENTAGES OF UNDAMAGED Roots, 1953 


Mean Weight Number of Un- 


Treatment Number of Cabbages per Cabbage damaged Roots 
per cent lb. per cent 
Surrey Kent Sussex Kent Sussex Surrey Sussex 
Gamma-BHC 1%... cone ae 83 69 2:64 2°33 63 71 
Gamma-BHC 0:5% .. ess, 86 73 2:74 2°35 64 31 
Toxaphene 1% me ww. 74 72 2:64 2-42 47 53 
Water (control) if soni Sa 72 61 2-48 2-19 11 Yo 


At the 5 per cent level of significance there was no difference between the 
cabbage numbers at the Surrey centre. At the Kent centre both gamma-BHC 
treatments gave significantly more cabbages than the controls, and at the Sussex 
site there was no difference between the insecticide treatments : all three gave 
significantly more cabbages than the controls. All the insecticide treatments 
gave a greater average cabbage weight but differences were not quite significant. 


Compared with the controls root damage was significantly less with all 
insecticides at the Surrey centre. At the Sussex centre they also reduced damage 
but only significantly so with the 1 per cent gamma-BHC. As the roots were not 
examined until August, some second generation damage had also occurred and 
some control of this, as well as that by the first generation, was indicated. 


In 1954 the trials were repeated with summer cabbage at one centre only— 
Peacehaven. The plots again consisted of 100 plants, each in five rows of 20, 
with the middle row arranged with double the number so that a possible 20 
alternate ones could be lifted seven weeks after planting for assessment of 
damage by the first generation. Each plot was surrounded by unplanted guard 
rows, and treatments were replicated three times. The root-dip materials used 
were water, a thick mud made with local soil and water, dry 1} per cent aldrin 
dust, suspensions in water of wettable powders of gamma-BHC, toxaphene and 
dieldrin, suspensions in water of an aldrin miscible oil concentrate, and of an 
isodrin miscible xylene concentrate. Soil conditions during and after planting 
were wet, enabling quick growth to counter the effects of root damage, but the 
Cabbage Root fly attack was sufficiently heavy to provide useful results. Final 
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yields and assessment of root damage at the completion of harvest could not be 
obtained. Treatments and results are shown in Table 2. 


TABLE 2 


CABBAGE YIELDS AND Root DAMAGE, 1954 


No. of Plants Weight of No. of Mature 
with Undamaged Lifted Plants, Cabbages on 
Roots, July 14 July 14 Aug. 9 
(possible total (total of 3 (total of 3 
60 from 3 plots) plots) plots) 
Treatment (May 28) oz. 
Untreated bes oe a re 11 345 136 
Water... — ae ae a 11 217 65 
Mud we a Se ce “Fe 29 272 119 
Dieldrin 0-5% .. ah ie a 55 288 157 
Dieldrin 0-1% .. aa a bs 56 319 142 
Aldrin 1% * a she - 43 238 75 
AldrinO-5%  .. m2 ry Pe 58 267 94 
Aldrin dust 14% ks - ze 50 226 100 
Gamma-BHC 1°, 53 a - 49 163 90 
Gamma-BHC 0:5%... me ott 52 234 98 
Toxaphene 2% .. _ os a 44 225 100 
Isodrin 0-025 % ~~ = a 34 247 145 
Significant difference _ 
(P=0-0 11 82 57 


Aldrin, dieldrin and gamma-BHC were the most effective and gave a high 
degree of control of root damage. There were no significant differences 
between them, except in the case of the anomalous result for 1 per cent aldrin. 
Since damaged and undamaged plants were not weighed separately, the effects 
on growth of root attack and dipping in liquid and insecticide cannot be clearly 
distinguished, but the plant weights suggest that dipping the roots in liquid 
results in some check to growth and that both gamma-BHC and aldrin them- 
selves have some adverse effects on the roots. Dieldrin was responsible for the 
least disturbance to growth. These indications may hold for a season such as 
1954 when transplants held more soil than usual and were set out in wet soil. 
In drier seasons, when transplants are liable to lose most of their soil during 
moving, any slight check due to dipping would be more than offset by reduction 
of Cabbage Root fly damage. 


The 0-1 per cent dieldrin treatment would cost only about 1s. per 1,000 plants 
for materials, and a miscible oil formulation would appear to be safe to use and 
has been adapted with satisfaction by many growers. The aldrin dust treatment 
would be even cheaper—12 oz. of 1} per cent dust should treat 1,000 plants. 
It is hoped to explore the possibilities of a dieldrin dust. 


We wish to thank Messrs. Grant Currie of Peacehaven, Mr. H. E. Johnson of Preston and 


Mr. E. A. Noakes of Wallington for their co-operation, and the Surrey and East Sussex 
Horticultural Advisory Officers for their assistance. 
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SOIL SAMPLING FOR WHEAT BLOSSOM MIDGES 


by P. AITKENHEAD 
Plant Pathology Laboratory, Harpenden, Herts 
AND H. F. BARNES AND G. W. HEATH* 


Rothamsted Experimental Station, Harpenden, Herts 


Attempts have been made recently (Golightly, 1952 ; Young, Shih and Lee, 1954) 
to assess the density of the Wheat Blossom midges by recovering cocoons and 
larvae from the soil. The success of this method depends on the efficiency of 
extraction from the soil and also on the accuracy of determination. Golightly 
tested the efficiency of his method and reported that over 95 per cent of the 
cocoons were recovered. However, he only mentions finding Contarinia tritici 
(Kirby) and Sitodiplosis mosellana (Gehin), although other species from wheat, 
as well as weed-infesting and soil-inhabiting species, might have been expected. 


If the sampling is done from November to February, all the blossom midge 
larvae should be in their overwintering cocoons, unless the latter are broken in 
the extraction process. On the other hand, from March to June there is a 
possibility of finding “‘ free ’’ (that is, naked) larvae which have left their cocoons 
before pupation, and after June free larvae from the same season’s wheat crop 
might be found before they have spun their cocoons. 


The identification of gall midge larvae is difficult. The shape of the anal 
segment and the breastbone or anchor process, the skin texture, and to some 
extent their coloration, enables some of the larvae to be separated into well- 
known genera (sens. /at.), but not into species. The anal segments of C. tritici 
and of S. mosellana have been figured (Barnes, 1928a), as have those of C. pisi 
(Winn.), Clinodiplosis pisicola Barnes and Lestodiplosis pisi Barnes } (Barnes, 
1928b). 


One of us (G.W.H.) examined for gall midges the float from the samples 
taken by Raw (1954) in his assessment of Wheat Bulb fly egg populations on 
Broadbalk field at Rothamsted. These samples were taken on December 19, 1953, 
from sections 2 and 5 of plots 2, 3, 5, 8 and 10. Section 2 was fallowed in 1952 
and therefore, at the time of sampling, the soil could have contained blossom 
midge larvae derived from the wheat ears of the 1953 crop, and some from 
crops previous to 1952, since it is known that C. tritici larvae can remain in the 
soil for three or four years before emergence, and those of S. mosellana for up 
to thirteen years. The samples from section 5 (fallowed in 1953) should have 
contained C. tritici larvae from the wheat grown in 1952, 1951, 1950 and possibly 
1949, and S. mosellana larvae from the wheat crops back to 1941. 


Ten composite samples were taken from both sections of each of the five plots, 
each sample consisting of two cores of soil 24 inches in diameter and nine inches 
deep, taken a yard apart and subsequently bulked. These samples were placed 
in separate tins, flooded with water, and stored at 15° F. A month later the 
samples were thawed and washed using a standard wireworm flotation process, 
the float being washed into a three-inch square tank containing magnesium 
sulphate solution. The gall midge cocoons and free larvae were picked off 
under a microscope and placed in water for identification. Later they were put 
in midge emergence cages in the unheated insectary at Rothamsted Lodge. 
This was to confirm the identifications and to see whether midges would emerge 
from larvae and cocoons that had been extracted by soil washing. 





* Now at the Grassland Research Institute, Hurley, Berks. 
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Attempts were made to distinguish cocoons by their shape and colour. 
Contarinia cocoons are round and appear lemon-yellow owing to the 
colour of the larva inside, while those of Sitodiplosis are larger, oval and 
appear orange. This method is difficult to use in practice because the variation 
in shape is so great that the two types tend to overlap. Colour variations also 
occur due to cocoons differing in thickness, so that the lemon-yellow of Contarinia 
larvae appears orange in thick cocoons. Errors may also result from the presence 
of Contarinia species other than tritici. Initially the method was checked by 
opening typical cocoons and identifying the genus of the larva by the shape of 
the anal segment. Table 1 shows the numbers of cocoons and larvae found, 
with the exception of a few Haplodiplosis equestris (B. Wagner), the Saddle Gall 
midge, which were found in the samples from plots 2, 5, 8 and 10. 


TABLE 1 


NUMBERS OF GALL MIDGE COCOONS AND LARVAE OBTAINED FROM TEN PAIRED SAMPLE CORES, 
BROADBALK, DECEMBER 19, 1953 


Plot* and Year Fallowed 


2 3 5 8 10 
1953 1952 1953 1952 1953 1952 1953 1952 1953 1952 
C. tritici per 13 
ears of previous 
wheat crop 191 93 98 75 40 28 169 79 169 16 


S. mosellana per 
13 ears of pre- 


vious wheat crop 40 186 29 54 43 61 53 89 37 21 
Contarinia spp. 
Cocoons 4 106 8 113 1 48 2 88 2 52 
Free larvae 1 8 1 8 1 3 — 3 — 1 
Sitodiplosis spp. 
Cocoons 18 195 4 44 3 38 30 25 21 13 
Free larvae 3 Z — 9 1 — = 3 1 5 
Clinodiplosis 
and all other 
cocoons —_ — -- 9 — 32 — 20 — 3 
Lestodiplosis 
and all other 
free larvae —— 18 — 11 — 32 _— 10 — 11 


* For manurial treatments on each plot see Table 1, page 135, of Raw (1954). 


Knowing that C. merceri Barnes occurs on Alopecurus myosuroides Huds. on 
Broadbalk, its presence was anticipated. There are also other weeds in the field 
that could be the source of other gall midges, while saprophytic midge larvae 
could be expected on plot 2 because of its heavy dressings of farmyard manure. 
In addition to Contarinia and Sitodiplosis larvae and cocoons, Clinodiplosis and 
other larvae were found in cocoons, while Lestodiplosis and other genera 
occurred among the free larvae extracted. It will be seen that distinctly fewer 
cocoons and larvae were found in section 5, which was under fallow in 1953, 
than in section 2, which carried a crop in that year. As would be expected, 
more Sitodiplosis than Contarinia were present in the soil after a year of fallow. 


The results of an attempt to rear the adult midges show the need for checking 
identifications based on cocoons and larvae (Table 2). For example, from one 
batch of 160 cocoons which were all thought to be Sitodiplosis spp., three 
C. tritici, one C. merceri, six S. mosellana, one Clinodiplosis, five Trifila, and 
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eleven other unidentified adults emerged. Likewise, in the pot’ containing only 
cocoons considered to be Contarinia spp., eight out of thirty-five adults obtained 
belonged to other genera. The few Haplodiplosis larvae extracted were kept 
separately and one midge of this species was successfully reared. G. W. H. 
identified the larvae and cocoons, and H. F. B. determined the midges that 
emerged. 


Another point of interest from Table 2 is that although some larvae success- 
fully survived the cold-storage period and subsequent extraction process, a 
much smaller proportion of midges emerged. 


TABLE 2 


MIDGE EMERGENCE FROM BROADBALK SAMPLES TAKEN ON DECEMBER 19, 1953 


Contents of Contarinia Sitodiplosis Dasyneura Clinodi- Trifila Unidentified 
Insectary tritici; merceri mosellana spp. plosis spp. Cecidomyids 
Pots spp. 


54 free larvae, Lestodi- 
plosis and other spp. -- -— — —- — — 1 


71 free larvae, Contar- 
inia and Sitodiplosis 
type 1 — — — — — — 


17 Contarinia and 76 
Sitodiplosis cocoons _- 3 —- — = ee As 


160 Sitodiplosis cocoons 3 1 6 —_ 1 § 11 
263 Contarinia cocoons 24 3 — = — 1 i f 


145 Contarinia and 155 
Sitodiplosis cocoons F 10 


64 Clinodiplosis and 
undetermined cocoons — — _ —- — 5 1 


) 
a 
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a 
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Further soil samples were taken independently by P.A. during May 1954 on 
a field of wheat at the Hertfordshire Farm Institute, Oaklands, St. Albans, and 
also on Broadbalk. The field at Oaklands had been under a long-term grass 
ley until 1951, when it was sown to winter wheat for two seasons. A crop of 
sugar beet was taken in 1953, and Progress wheat was drilled in the spring of 
1954. A sample of two cores, four inches in diameter by nine inches deep, was 
taken on each of sixteen experimental plots in this field on May 4. The samples 
were soaked in water and frozen in their tins at 15° F. for 36 hours, and gall 
midges were extracted by Golightly’s method (/oc. cit.). Only 10 active, 18 dead 
or immobile larvae, and 12 cocoons were found, and many of the free larvae 
were discoloured or full of fungal mycelium. Attempts were made by H. F. B. to 
rear the midges in standard emergence cages in the laboratory, and nine emerged 
which were identified as : one Dasyneura sp., one C. merceri, five S. mosellana, 
and two Clinodiplosis sp. The percentage emergence was considerably higher 
than that from G. W. H.’s Broadbalk samples, but was nevertheless low and 
again showed that midges belonging to several genera were present. 


To ascertain whether the low temperature treatment to which these samples 
had been subjected had influenced midge survival, it was decided to take further 
samples on Broadbalk. Eight 4 x 9 inch cores were therefore taken from 
the fallow section of plot 2 on May 26. Half of these samples were flooded 
with water and frozen at 15° F. for 36 hours, and half were flooded but not 
frozen, before extraction. The results are summarized in Table 3. 
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PLANT PATHOLOGY 


TABLE 3 


NUMBERS OF MIDGE COCOONS AND LARVAE EXTRACTED FROM BROADBALK SAMPLES, 


May 26, 1954 
Four Samples Flooded and Frozen Four Samples Flooded only 
for 36 Hours before Extraction for 36 Hours before Extraction 
Sitodiplosis larvae es 5 10 
Contarinia larvae ee 4 4 
Unidentified cocoons .. 26 34 
Lestodiplosis larvae... | — 
Unidentified larvae... — 3 
Haplodiplosis equestris . . 6 3 


Attempts were made to rear these larvae in the emergence cages in the 
unheated insectary. In the pot containing material that had been flooded and 
frozen, three S. mosellana and one C. tritici emerged. From the unfrozen 
material one S. mosellana, two H. equestris, one Contarinia sp. and five parasitic 
Hymenoptera emerged. It was again found impossible to identify the midges 
obtained on larval characters, and midges belonging to several genera were 
shown to occur in Broadbalk soil. A low percentage of both free and 


cocooned larvae apparently survived the extraction process, whether the sample 
had been frozen or not. 
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OBSERVATIONS ON WHEAT BLOSSOM MIDGES 
IN SUSSEX 


A sixteen acre field of Atle wheat following wheat on the downs near Arundel, 
Sussex, was examined on July 29, 1954 and the ears were found to be heavily 
infested with the larvae of Contarinia tritici Kirby. The ears in an adjacent 
field of Atle, sown after permanent grass at the same time, contained few larvae. 
Samples of single ears were taken at equal distances along a diagonal on each 
field, making a total of 50 ears per field, and the numbers of larvae and healthy 
grains recorded. The mean number of larvae per ear on the heavily infested field 
was 32-5, whereas on the adjacent field it was only 1-5. It is quite probable that 
descent had already started by this time, since this infestation had been noted a 
week earlier and descent began on July 24 at Harpenden (personal communication 
from Dr. H. F. Barnes). The mean number of healthy grains per ear was 
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OBSERVATIONS ON WHEAT BLOSSOM MIDGES IN SUSSEX 


21-0-+1-1 on the heavily infested field and 35-2 + 1-3 on the adjacent field. 
There was thus a 41-7 per cent reduction of healthy grains on the heavily 
infested field and the difference was significant at p = 0-001. The grain yields 
were 13-9 cwt. an acre on the heavily infested field and 18-9 cwt. an acre on the 
adjacent field, which represents a 26-4 per cent reduction on the heavily infested 
field. It was the farmer’s opinion that this was an under-estimate of the reduction 
since the heavily infested field was expected to yield more, in the absence of 
midge attack, than the adjacent field. 
W. I. ST. G. LIGHT 


AVOIDING WHEAT BLOSSOM MIDGE ATTACKS 


Past experience has shown that midge infestations are heavier in the shelter 
afforded by neighbouring trees and hedges than in positions exposed to the wind 
and sun. For example, the infestation on the top, or western fifth, of Broadbalk 
on Rothamsted Experimental Farm at Harpenden is nearly always comparatively 
heavier than the rest of the field. This is because the midges can start egg- 
laying early in the evening in the shade thrown by the trees in Broadbalk 
** Wilderness ”’ and these same trees frequently provide shelter from the prevailing 
wind. In the more open parts of the field the opportunities for successful 
oviposition are reduced by the late afternoon and evening sunshine, and often by 
wind. It is therefore sound policy to avoid sowing wheat in sheltered positions 
that provide longer and more frequent opportunities for egg-laying by the midges. 


Infestations also depend on the extent to which the emergence of the midges 
coincides with the emergence of the wheat ears. If the period of ear-burst is 
short, there is a good chance that ear emergence will not coincide exactly with 
midge emergence. Every endeavour should therefore be made to ensure a 
uniform crop so that this stage in its development is as short as possible. 
This aim can be upset by the use of impure or mixed seed. For example, in a 
field seen in Co. Waterford, Eire, in 1952, the main stand was Atle and the 
impurity was Dimante or Progress. The relative blossom midge infestation on 
the main stand and its impurity, as indicated by the first four ears of each that 
were examined, was as follows : 


No. of No. of Percentage 
C. tritici Total Attacked of Grain 
larvae Grains Grains Attacked 
Atle aes si 175 208 17 8 
Impurity ., ie 949 126 ST 45 


Thus although the main stand did not entirely escape infestation, it was 
attacked considerably less than the impurity. 
H. F. BARNES 
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FROST-LIFT DAMAGE TO WINTER-SOWN BARLEY 


by A. E. Cox AND H. J. MASON 


National Agricultural Advisory Service, Colchester, Essex 


For the past thirty years, farmers in the north-east of Essex have been sowing 
spring barley varieties (in particular, Spratt Archer) in the autumn. From an 
agricultural standpoint this practice has many advantages, and it is common 
for heavy yields of first-class malting barley to result from these autumn 
drillings. Occasionally, crops are damaged by frost. 


During the winters 1950-51 and 1954-55, frost damage to barley was widespread 
throughout the Colchester district. In both years the trouble was first noted in 
January, following severe weather when the ground had remained frozen for 
some time. Damage to individual plants took the form of a clean break in the 
primary shoot at a depth of 1 to 14 inches below ground level. The plant was 
thus severed from its primary root system, and this occurred before the plant 
had started to develop crown roots (Plate II, 1). The break appears to be 
caused by the lifting action of the top soil, which expands when frozen. In 
January 1955, counts on three fields of autumn-sown Proctor showed that 13, 19 
and 26 per cent of the plants had been affected in this way. 


_ In the field this damage bears a superficial resemblance to damage caused by 
wireworm. It occurs, However, under conditions when wireworm would not be 
active and the break in the primary shoot takes place at a greater depth than 
that at which wireworms normally work. Under the low temperature conditions 
of winter and early spring, plants damaged by frost-lift die very slowly and the 
trouble may not be noticed until some considerable time after its occurrence, 
when numerous plants in the rows are seen to show signs of withering. It was 
noticeable in early March 1955 that on some fields where damage had occurred 
the damaged plants had been able to produce crown roots, whereas there was no 
such development in normal plants. On one such field, over 50 per cent of the 
damaged plants produced crown roots, although this appeared to be exceptional. 
The ability of such plants to re-establish themselves must be very dependent on 
the weather. 


The severity of frost-lift damage seems to bear some relationship to the depth 
of drilling. In crops that are drilled deep (2-3 inches) a long primary shoot is 
produced, and this is very susceptible to damage. During the winter of 1954-55 
it-was observed that plants on the field headlands, where extra consolidation 
usually results in shallower drilling, appeared to be less affected by frost-lift 
than plants in the main body of the field. However, there may be other factors 
at work here. December—January drillings are likely to avoid frost-lift, since the 
plants will not normally have reached a susceptible stage until after the period of 
most severe frosts is over. The ultimate effect on yield is difficult to assess, but 
it is intimately bound up with the ability of surviving plants to tiller. Spring 
barley varieties have a high power of tillering, and this undoubtedly minimizes 
the effects of earlier frost-lift damage to a crop. 


Thanks are due to Mr. A. J. Sallowes of Colchester for taking the photograph. 
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